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ABSTRACT 

This dissertation was a demonstration of a systemic 

approach to research about attitudes and the learning 

environment in a science classroom. It was based on a 

distinction between analytic and systemic research (Salomon, 

1991). Analytic research focuses mainly on the causal 

effects of changes in the contents of one isolated factor on 

another. The systemic approach focuses on the patterns of 

structural relationships in an entire set of interdependent, 

transactionally defined factors. Therefore, classrooms were 

conceptualized as cultural systems to emphasize their 

mutually defining, transactional, aspects. On this basis, 

the systemic approach should raise different questions and 

new answers to educational issues. 

This distinction is critically important in science 

classrooms. Educators attempt to instill positive attitude 

change in their students by creating novel learning 

environments (DeBoer, 1991). Yet, researchers have examined 

only the effects of changes in isolated aspects of these new 

environments, in an analytic manner. Therefore, this 

dissertation demonstrated how students' attitudes were 

situated in the entire system of structural relationships in 

a classroom culture. 

Students (N = 162) participated in a novel curriculum 

called the International Science Classroom (ISC), which 

emphasized authentic, collaborative, interdisciplinary, and 
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inquiry-based learning experiences. The contents of 

students' attitudinal, environmental, and cognitive 

perceptions, reported before and after the ISC, were analyzed 

with repeated MANOVA. The systemic relationships were 

analyzed with Small Space Analysis (SSA) , a multidimensional 

scaling technique (Guttman, 1968). 

Students reported content changes which generally were 

consistent with past research: more favorable attitudes, 

greater achievement, and fewer gender differences. However, 

their more negative perceptions of the learning environment 

were unexpected. Students also reported changed structural 

perceptions of the ISC which were more tightly integrated, 

more dominated by mindful engagement, and more characterized 

by tightly clustered perceptions of attitudes and the 

learning environment. These results were discussed in 

reference to the unique insights afforded by the systemic 

analysis of the situation of attitudes in the classroom 

culture. The overarching conclusion was that analytic and 

systemic approaches offer complementary insights into science 

education, and therefore, must both be further developed. 
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CHAPTER 1: INTRODUCTION 

A trend is growing within educational research which 

recognizes the role of social and cultural influences on 

learning. Proponents of this situated perspective hold that 

the psychological, sociological, and cultural context in 

which teaching and learning occur affects students' 

cognitions, affects, and behaviors. Studies from diverse 

research areas such as computer technology (Salomon, Perkins, 

& Globerson, 1991), literacy (Scribner & Cole, 1981), 

cognition (Hatch & Gardner, in press), mathematics (Lave, 

1988), and bilingual education (Moll, 1990) have supported 

this contention. 

Adopting a situated view of teaching and learning 

challenges investigators to focus on the dynamic interplay 

between the individual and social environment. It entails 

the recognition that education occurs in a variety of 

environments, and that the characteristics of the particular 

environment impact individuals acting within that setting 

(Bronfenbrenner, 1977). As Stevenson, Lee, and Stigler 

(1986) have argued, differences in the types of classroom 

activities undertaken, and the extent to which they are 

prized by teachers, schools, parents, peers, and society, can 

have a dramatic impact on a student's academic development 

and achievements. Or stated another way, changes in the 

social and cultural environments in which students learn 
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affect the cognitive ~capabilities" they demonstrate from 

setting to setting (Bronfenbrenner, 1979). The interaction 

of the individual and the environment constitutes the focus 

of study from this perspective (Moll, 1990; Wertsch, 1990). 

In this regard, situated research is systemic (Salomon, 1991) 

because its unit of analysis is the individual acting within 

a system of related factors, rather than on the individual in 

isolation from the surrounding social and cultural context. 

By focusing on the interaction between individual and 

environment, one accepts a reciprocal relationship between 

them (Bandura, 1978). The environment places parameters on 

an individual's cognitions, capabilities, evaluations, and 

behaviors. Simultaneously, the environment is at least 

partially constructed by the perceptions, values, 

capabilities, and expectations of the individual. The two 

mutually and transactionally define each other (Altman, 

1988). It is through this reciprocal interaction that 

objects, activities, and events derive their meanings 

(Salomon, 1991). In the classroom context, therefore, 

educational processes and products derive their meanings from 

the culturally and socially negotiated transactions of 

individuals acting within a particular learning environment. 

This situated or systemic perspective stands in stark 

contrast to the ~traditional" approach of most educational 

research, with its exclusive focus on the individual. This 

bias toward methodological individualism necessitates that 
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the educational researcher operate in the universe of ceteris 

paribus. Because teaching and learning constitute a social 

transaction, however, the traditional assumption that 

individual learning can be studied, ~all else being equal," 

is untenable. Doing so forces a total disregard of the 

inherently social nature of all educational processes. 

Therefore, learning ~cannot and should not be studied 

independently of the context in which it occurs" (Salomon, 

1992a, p. 3). 

In light of this contrast, adopting a situated view of 

educational research augments the traditional approach in at 

least three ways: First, it may expand our understanding of 

the conditions which foster learning the most (Hatch & 

Gardner, in press). To the extent that individual 

capabilities are a product of the individual interacting with 

a particular environment, one must understand something about 

the environment in order to explain human performance. By 

adopting a situated approach, the learning environment 

becomes a major focus of educational research. This can only 

occur when the environment is treated as a whole entity, as 

it changes in reciprocal interaction with the individual. A 

focus on the individual alone, or on aspects of the 

environment which impact learning outcomes, cannot produce 

such knowledge because it denies the socially transacted 

nature of education. 
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Second, the situated perspective offers better theoretical 

correspondence (Kaplan, 1964) with the educational process. 

Situated assumptions, of course, necessitate situated 

findings (Salomon, 1991). Rather than functioning as a 

limitation, however, this requirement frees the researcher 

from the constraints of certeris paribus. This being the 

case, situated findings are more likely to reflect the 

particulars of the educational setting under investigation, 

while at the same time, retaining their generality to like 

contexts of individual, social, and cultural factors. 

Universality at the expense of correspondence offers no 

advantage. 

Third, taking a situated approach promises fresh insights 

into the educational process beyond those offered otherwise. 

These insights stern from the distinction Salomon (1991) has 

made between analytic and systemic research approaches. The 

analytic approach holds that specific components of an 

educational setting can be manipulated and account for 

changes in other specific components independently of all 

othel' specific components in the setting. This assumption 

constitutes the foundation upon which most "traditional" 

research has been conducted. The systemic approach, in 

contrast, posits that components of an educational setting 

are interdependent, hence cannot be manipulated in isolation 

of all others. This assumption is present, at least 

implicitly, in research conducted from the situated 
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perspective. To the extent that systemic research must focus 

on patterns of interdependencies in the research setting, 

while the analytic approach must out of necessity exclude 

such considerations, research conducted from within the 

systemic paradigm ought to complement and extend traditional, 

analytic research. In particular, systemic research should 

extend the kinds of questions and types of answers 

researchers can explore in an educational setting. 

The distinctive and complementary nature of the analytic 

and systemic approaches to educational research encourages 

investigators to extend their analytic findings by conducting 

research from the systemic perspective. Despite the growing 

influence of systemic assumptions across educational 

discipline3, science education is one area that has been 

relatively unaffected by these systemic assumptions. Yet, it 

stands to make substantial gains from adopting this 

perspective. This is true for three reasons: the goals of 

science educators, their curricular methods for attaining 

these goals, and the measures they employ to assess the 

effectiveness of their programs. 

Over the last 25 years, science educators have stressed 

that the major goal of their curricula should be to link the 

school study of science to the social and cultural situations 

to which it applies. By the end of the 1960s, a substantial 

number of educators and researchers argued that traditional, 

disciplinary, content-based science curricula should be 
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replaced by programs which emphasized scientific literacy, 

science and society relationships, scientific thinking, and 

the personal relevance of science to each student (DeBoer, 

1991). The National Science Teachers Association (NSTA, 

1982) codified these sentiments, stating that scientific 

literacy for all students should be the primary goal of 

science education. Scientific literacy stresses educational 

experiences which encourage students to develop an adequate 

conception of the nature of scientific knowledge, the ability 

to apply scientific thinking in their day-to-day experiences, 

and an appreciation of the personal and social value of 

science. Few educators today dispute the value of these 

goals (DeBoer, 1991), hence, they seek to situate the study 

of science into the system of its social and cultural 

applications. 

The educational methods adopted by science teachers to 

accomplish their goals also reflect the utility of systemic 

assumptions in science education. Science educators have 

designed a variety of novel and creative instructional 

programs to foster scientific literacy. For example, a 

widely influential curriculum develop by Spiegel-Rosing and 

Price (1977) stressed a move away from drill and practice on 

scientific subskills, toward learning through the simulation 

of complex scientific problem situations. In 1975, Aikenhead 

and Fleming developed a high school course which emphasized 

science as a way of knowing, making explicit the thinking 
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processes used by practicing scientists to solve social 

problems. Other curricula were designed which examined the 

ethical, cultural, and political aspects of science, rather 

than the mastery of a body of scientific facts (Ziman, 1980), 

or were organized around social issues such as scarce world 

resources (Zoller, 1985), or the place of technology in 

society (Holman, 1987). Although these programs differ 

somewhat in their specific approaches, collectively, 

educators refer to them as "Science Technology and Society" 

(STS) courses, because they stress the roles of science 

within its social and cultural context (DeBoer, 1991; 

Solomon, 1988). Furthermore, each of these curricular 

programs attempted to construct novel learning environments 

which radically differed from traditional science education 

practices (Vargas-Gomez & Yager, 1987). Therefore, current 

science education practices stress whole system changes of 

the science learning environment, rather than changes in 

isolated, specific, aspects of the traditional science 

classroom. 

The criteria educators use to measure the effectiveness of 

their STS programs also reflect the utility of systemic 

assumptions in science education. Traditional science 

courses measured their effectiveness in terms of the amount 

of "scientific facts" a student was able to master. In 

contrast, STS educators stress that their programs should 

"foster student liking for science in general and their 
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ability to conduct independent investigation in particular" 

(NSTA, 1982, p. 49). Knowledge of facts is not enough. 

Successful programs must instill in their students a 

favorable disposition toward science, and the ability to do 

science in appropriate situations. Student attitudes, in 

their own right, became a focus of the science curriculum 

(DeBoer, 1991; Fraser, 1982). So did an emphasis on the 

process rather than products of science take precedence 

(DeBoer, 1991). While some argue that a body of scientific 

laws can stand alone, apart from any social or cultural 

context, the process of doing science and the affective 

response learners make to this process cannot. This emphasis 

on human action (doing and evaluating science) inherently 

situates science education in the social and cultural context 

in which it occurs. To claim otherwise would be to deny that 

human action always takes place in a specific setting. 

While science educators clearly adopted systemic, 

situatedness, assumptions in their classrooms, science 

education researchers did not. Researchers treated the novel 

learning environments of these STS programs in traditional, 

analytic (Salomon, 1991) ways. They sought direct, linear, 

causal effects of aspects of the new learning environments on 

individual's cognitive and affective changes. Generally, the 

classroom learning environment itself was treated as error 

variance in these traditional experimental designs. This was 

done despite empirical evidence that students' perceptions of 



their STS learning environments differed from their 

perceptions of the traditional science classroom (Baba & 

Fraser, 1983; Fraser, 1979; Welch & Walberg, 1972). 

Furthermore, these analytic studies ignored the overtly 

systemically-oriented goals and practices of science 

educators. 

22 

Even when investigators included the learning environment 

in their studies, they did so in analytic, not systemic, 

ways. For example, Baba and Fraser (1983) regressed 

students' attitudes and learning on their perceptions of nine 

dimensions of the classroom environment as measured by the 

Classroom Environment Survey (CES). They found that some of 

these isolated aspects of the classroom environment 

significantly impacted students' attitudes toward science, 

and their learning. Other investigators have reported 

similar results, employing similar methodologies (Fisher & 

Fraser, 1983; Haladyna, Olsen & Shaughnessy, 1982; Hofstein, 

Gluzman, Ben-Zvi, & Samuel, 1979; Power & Tisher, 1979; 

Talton, 1983 Walberg, 1972). These studies were limited by 

their analytic focus. They did not consider changes in the 

whole learning environment itself, and individuals' changes 

within this new environment. To the extent that STS programs 

change the entire learning environment, it seems difficult to 

attribute changed student attitudes and cognitions directly 

to any single causal factor. Analytic studies, by nature, 

assume that effects found in one setting will be found in 
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another, regardless of the structural configuration of 

factors in the research setting. They are unable to explain 

the situatedness of individual differences, as well as larger 

systemic differences in study outcomes. These limitations 

leave the study of STS programs incomplete. 

Taking a truly systemic or situated approach to science 

education research entails more that simply correlating whole 

environments with individual outcomes in an analytic manner. 

To do so would only make the independent variable more 

macroscopic, but would not explain how and why individual 

changes are situated within a changed learning environment. 

Rather, taking a systemic approach requires making the 

epistemological assumption that the objects of study are 

interdependent and define each other transactionally, thereby 

necessitating constant consideration of changes in the whole 

(Altman, 1988; Salomon, 1991). Given the goals and practices 

of science education, oriented as they are toward fostering 

individual cognitive and affective changes through changes in 

the entire system of the classroom learning environment, and 

the inherent inability of analytic research to fully address 

these issues, the adoption of a systemic approach is 

warranted. At the very least, the systemic approach should 

offer fresh insights into the processes and effects of STS 

programs, because its strengths complement the weaknesses of 

the analytic approach (Salomon, 1991). Arguably, adopting a 

systemic perspective may be a theoretical necessity, given 
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science educators today. 
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Clearly, a major goal of science educators today is to 

improve students' attitudes toward science. Their means of 

accomplishing this goal is through the design and 

implementation of curricular interventions which address the 

totality of the culture of the classroom learning 

environment. This being the case, the examination of changes 

in students' attitudes ought to be done within the wider 

context of changes in the whole structure of the culture of 

the learning system. Demonstrating this approach, that is, 

exploring how patterns of changes in individual attitudes are 

situated within differences in the structure of the whole 

culture of the classroom learning environment, is the focus 

in this paper. The purpose of demonstrating this approach is 

not to prove a particular theory or research paradigm, but to 

offer insights into, and raise questions about, the study and 

practice of science education which complement prior analytic 

studies. In particular, these issues will be raised in two 

areas: 1) the culture of the science classroom learning 

environment, itself; and 2) how individual changes in 

attitudes are situated within the context of changes in the 

whole culture of the classroom learning environment. 

To explore these issues, this paper reports the findings 

from an example STS intervention, designed to affect the 

culture of the science classroom learning environment. In 
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the remainder of this first chapter, the rationale for 

exploring science education from a systemic perspective is 

further developed. Specifically, science classrooms are 

conceptualized as cultural learning systems. Next, since 

individual attitude change is a main target of science 

education, the attitude construct is reviewed with an eye 

toward describing how individual attitude change can be 

explained from within the context of whole classroom system 

change. Following this, the literature on attitude change 

and science classroom learning environments is reviewed in 

order to suggest how they may be integrated into the systemic 

perspective. Chapter One concludes with a critical 

integration of the literature, which leads to several 

questions which drive the systemic exploration of an example 

STS learning environment, the International Science Classroom 

(ISC). Chapter Two details the methodology used to explore 

the individual changes in attitudes and systemic changes 

which transpired in the ISC, an example STS intervention. 

Chapter Three reports the results of this intervention. 

Consistent with the systemic perspective, particular 

attention is paid to locating individual attitudinal changes 

within the structure of the culture of the ISC learning 

environment. Finally, Chapter Four discusses these results 

in terms of the insights they offer regarding the adoption of 

a systemic approach to science education research in 



particular, and the study of classroom cultural systems in 

general. 

Classroom Learning Enyironments as Cultures 

26 

Taking a systemic approach to science education research 

requires the conceptualization of classroom learning 

environments as cultural systems. This is based on two 

premises: First, the classroom is a system of interdependent 

cognitive, affective, and environmental factors. 

classroom system constitutes a cultural entity. 

these premises is developed below. 

Systemic View of Classrooms 

Second, the 

Each of 

From the perspective of General Systems Theory, a system 

is a set of entities that interrelate with one another to 

form a whole. (Bertalanffy, 1968; Hall & Fagan, 1968; 

Kaufmann, 1966). Systems are characterized by wholeness and 

interdependence: A system is the product of the 

interactions among its parts, hence, its parts cannot be 

understood separately. Systems also are characterized by 

hierarchical integration. Each system is embedded in a 

larger suprasystem, and constitutes a component of the larger 

suprasystem. For example, a classroom system is embedded 

within a school system, which is embedded in a community 
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system, and so on. So to fully understand any system, one 

must also understand the larger system which comprises the 

environment in which the smaller subsystem exists. And 

finally, systems are self-regulating. Each system settles 

into a homeostatic mode of functioning, reacting to both 

centrifugal forces of change radiating inward from the 

environment, and centripetal forces originating inside 

itself. Thus, change at any level reverberates, and is 

reflected, throughout the entire system. 

Adopting a systems view of the classroom suggests that one 

must consider the interrelationships among a whole complex of 

factors, at many different system levels. Hatch and Gardner 

(in press) recently proposed a model which facilitate this 

conceptualization. As Figure 1 depicts, their "concentric" 

model portrays a learning environment as a series of three 

concentric circles. The innermost circle represents the 

personal qualities, abilities, and attributes students 

bring to the learning environment. This personal system 

level is encircled by a system of local forces, made up of 

the all of the aspects of the specific setting in which 

learning occurs. A classroom is a typical example the local 

system level. Finally, the largest system level contains all 

of the cultural forces included in the learning environment, 

such as language practices, cultural values, and ritual 

practices. 



Figure J 

A Concentric Model of A Learning System* 

Cultural Factors 

Local Factors 

Proclivities, 
Experiences, 

Etc. 

Resources, 
People 

Physical Settin 

Institutions, 
Practices, 

Beliefs 

*Adapted from Hatch & Gardner (in press) 

Essentially, taking a systemic view of the classroom 

learning environment entails that individual learning, 

28 

including all cognitive, affective, and behavioral responses, 

must not be studied apart from the context in which it occurs 

(Salomon, 1992b). To the extent that a learner is situated 
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within a particular system of mutually influential factors, 

one must study the interrelationships among these factors to 

fully understand the nature of the individual changes within 

the system. To clarify this claim, consider the analogy of a 

botanist studying the growth of particular trees. To explain 

why one tree grows six feet tall, while another is 20 feet 

tall, is very difficult, is not impossible, without 

considering the relationship of each of these trees to the 

forest. Was it the location of one tree to the surrounding 

trees, which might have absorbed more or less light, which 

caused the height disparity? Was it the relative distance of 

each tree to the stream in the forest? Was it the richness 

u£ the soil in the particular location of each tree? 

Certainly, the interplay of each of these factors must be 

considered to fully understand the growth of each individual 

tree in the forest. 

A similar argument can be made regarding the study of 

individual learning and cognitive change in the classroom 

learning environment. What is the effect of teaching style? 

How does teaching style relate to cultural affordances? What 

are the attitudes of the learners? How do the learners 

interact with each other, and the teacher? Just as one 

cannot understand the characteristics of individual trees 

without knowing something about the forest, a fuller, richer, 

understanding of individual changes in cognitions, behaviors, 

and attitudes is facilitated by studying how an individual 
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changes within the entire system of factors which constitute 

the classroom learning environment. 

Several recent investigations have demonstrated the 

importance of studying individual learning changes as they 

are situated within a particular environmental system. For 

example, Lave (1988) demonstrated that individuals' 

mathematical ~capabilities" differ across various activity 

settings in which students apply their knowledge. Hatch and 

Gardner (in press) reported that Kindergarten students' 

displayed different artistic and thinking skills depending on 

the mix of personal, local, and cultural forces in which 

those skills were embedded. Others have shown that the 

introduction of computer tools into the classroom affected 

individual cognitive functioning relative to changes created 

in the structure of the classroom learning environment (e.g., 

Salomon, 1990; Salomon et al., 1991). These studies make the 

case that if one wants to study individual learning, one must 

consider how such individual changes are located within a 

system of changes in the totality of the classroom learning 

environment. Individual changes cannot be fully explained 

without reference to the learning system in which they occur. 

Acknowledging the importance of including the classroom 

environment in the study of individual learning, challenges 

investigators to develop adequate conceptualizations of the 

environment, and methods for including the environment in 

their research designs. Researchers have developed numerous 
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schemes for doing so. For example, Doyle (1986) defined 

classrooms in terms of their multidimensionality, 

simultaneity, immediacy, unpredictability, publicness, and 

history. Epstein (1988) studied the tasks, authority, 

grouping, and evaluation in the classroom system. Fraser 

(1986) and his associates (Fraser, Anderson, & Walberg, 1982; 

Walberg, 1969, 1972) have studied the classroom environment 

in terms of its cohesiveness, friction, favoritism, 

cliqueness, satisfaction, competitiveness, diversity, and 

goal-directedness. While each of these approaches to the 

classroom environment has yielded useful information, they 

are not compelling because they are empirically-driven, 

almost exclusively. There is no conceptual reason to believe 

why one account is an adequate description of the classroom 

in one settir.g, but not another. They also are not systemic 

in conceptualization -- each facet is treated as a conceptual 

whole, analyzed apart from its interrelationships with each 

other facet. Therefore, conceptual guidance is needed to 

better integrate the study of individual cognitive and 

attitudinal changes with the study of changes in classroom 

learning environments. 

Salomon (1992a) recently has conceptualized classroom 

learning environments in a manner which addresses both 

concerns raised by the empirical approach. He suggested that 

the classroom learning environment can be thought of as "a 

universal system of interrelated factors that jointly affect 
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learning jn interaction with (but not separately from) 

relevant individual and cultural differences" (Salomon, 

1992a, p. 4) [emphasis in original]. To the extent that 

universal factors define the classroom environment, one can 

focus on those features of the classroom setting which define 

the environment across different classrooms. The environment 

is defined in terms of its generic structures. Too, since 

the environment is conceptualized as a system of interrelated 

factors, one's research focus is drawn toward the 

interdependent changes in individuals, within changes in the 

entire learning system, rather than the isolation of one or 

the other. Based on this conceptualization, the study of 

individual changes in the classroom learning environment 

necessarily involves examination of the contents of the 

generic structures of the classroom environment, and the 

pattern of relationships among those structures. 

Consider the case of two hypothetical science classrooms 

to clarify this conceptualization. Both can be described in 

terms of the same set of generic factors, including just for 

the sake of illustration, student attitudes, motivations, 

effort, atmosphere, and teaching style. The contents of 

these factors may be similar in each of the classrooms: For 

example they may both exhibit positive attitudes toward 

science, high student need to expend effort, open climate, 

interactive teaChing style, and so on. Or the contents of 

the classroom environments may differ considerably: One 
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classroom may have positive attitudes, open climate, and 

interactive teaching style, while the other exhibits negative 

student attitudes, closed climate, and noninteractive 

teaching. The traditional, analytic study of classroom 

learning environments has been limited to this issue 

(Salomon, 1992a, 1992b). 

The systemic study of classroom learning environments, 

however, also draws researchers' attention to the dynamj~ 

interrelationships among the factors, despite their potential 

similarity or difference in content. This refers to the ways 

the factors mutually define and influence each other. For 

example, in one classroom "motivation to succeed" may play a 

central role in defining the environment, in that it most 

strongly influences each of the other factors. In this case, 

for example, motivation influences how students evaluate 

science, how they respond to the interactive teaching style, 

and so on. In this particular environment, strong positive 

attitudes toward science may not play much of a role in 

student achievement, because students are motivated to 

succeed, regardless of their perceptions of the value of 

science. In another classroom, in which motivation does not 

play a central role, positive attitudes toward science may be 

a crucial factor in student effort and achievement. Whatever 

the particular configuration of factors and their contents 

may be, the point is, that both features of the environment 
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must be studied because they mutually define and give meaning 

to each other. 

Contents. Accepting a systemic view of the science 

classroom learning environment challenges one to identify the 

factors which comprise the environment. As previously 

mentioned, no adequate description of these factors currently 

exists. For purposes of this paper, therefore, it seems 

reasonable to base the selection of factors on two criteria: 

1). They must have empirical support. 2). They must meet 

the conceptual requirements of universality and relevance, at 

least arguably. Based on these premises, it is possible to 

delineate six constructs which comprise the classroom 

learning environment: teacher-student interactions. student= 

student interactions. classroom atmosphere. tasks and 

activities. control and rule setting. and teacher behavjor 

(Salomon, 1992b). These factors meet the theoretical tests 

of universality and relevance, and have been shown to 

influence students' attitudes and achievements in prior 

research. What remains to be seen is how these factors 

relate to each other in the classroom learning environment, 

and how the dynamic relationships among these structures 

change in relation to students' attitudes and achievements. 

Structures. The structure of a classroom learning system 

refers to the dynamic interrelationships amoog the structures 
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which constitute the system. This places emphasis on the 

transactional interdependencies within and between system 

factors, rather than on the substance of those factors alone 

(Bronfenbrenner, 1977; Weick, 1979). Therefore, the systemic 

researcher wants to know how the factors in a classroom 

learning environment affect each other, and how different 

curricular interventions change these patterns of 

interdependencies. 

Adopting this systemic focus requires that the researcher 

focus on the transactional relationships in a learning 

environment as a whole. Because a system has emergent 

properties, which are not additive functions of the isolated 

characteristics of its factors, the systemic researcher must 

describe the reciprocal linkages in the system, themselves. 

When this is done, it is clear that those factors which 

analytic research describes as ~outcome variables" constitute 

other linkages in the system which must be analyzed in terms 

of their interrelationships with the system as a whole. This 

necessitates a way of describing the dynamic transactions 

which take place within a classroom system. 

For the systemic researcher in science education, the task 

is to determine the location, salience, and integration in 

conceptual space of the structures which comprise the science 

classroom learning environment. Location refers to the 

positioning of a factor relative to other factors. For 
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example, what is the position of teacher behavior relative to 

student interactions? Location allows the investigator to 

position the factors in a map of their conceptual 

relationships; it is a measure of the clustering of factors. 

Salience refers to the centrality of a factor in a learning 

environment. The more central or salient a factor, the 

closer its relationship to all other factors in the 

environmental system. Integration describes the strength of 

the relationships in the entire system. Highly integrated 

systems have close relationships among the factors, and 

therefore, great impact on each other. Describing classroom 

systems in terms of the location, salience, and integration 

of structures allows investigators to consider how student 

outcomes, such as attitude change and learning, fit into the 

classroom environment and relate to differences in the 

patterns of relationships among the factors which constitute 

the learning system. Therefore, a conceptual means is 

provided whereby the researcher can study systemic changes in 

the structural patterns of environmental factors, relative 

to changes in individual learning, attitudes, and other 

culturally relevant outcomes. 

Classroom Systems as Learning Cultures 

Taking a systemic view of classrooms entails the 

assumption that the structures which constitute the classroom 
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learning system derive their meanings from each other through 

their interdependencies (Altman, 1988; Altman & Rogoff, 

1987). How can a teacher's instructional methods have 

meaning apart from the content of the lesson, the students' 

views of the subject matter and schooling in general, and the 

other factors which comprise the classroom learning 

environment? For example, Salomon et al. (1991) argued that 

authentic uses of computer technology in the classroom, 

alone, could not account for changes in students' cognitions 

and affects when isolated from concomitant changes in a host 

of other classroom factors which also changed when students 

began to work with computers. Changing one element in a 

classroom system changes all others, because they are 

transactionally linked to one another. Accepting this 

premise, therefore, encourages one to recognize that the 

reciprocal relationships among the factors in a classroom 

learning environment constitute a system of meanings. 

Because classroom environments constitute systems of 

meanings, breaking them apart for investigation makes little 

sense. Isolating individual elements in a classroom 

environment destroys the meaning which exists in the system. 

Because meaning is an emergent property of classroom systems, 

the environment must be studied holistically. It is in this 

regard that it is useful to conceptualize classroom learning 

environments as cultural systems. 
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Classroom learning environments are what the participants 

in those environments perceive them to be (Bronfenbrenner, 

1979). Yet, this perception is based on the stimuli that are 

presented. From a symbolic interactionist perspective, 

meaning exists in the interpretation participants attach to 

the objects and events in their environment (Blumer, 1969; 

Mead, 1934). Therefore, conceptualizing classroom systems as 

learning cultures, if culture is taken to mean a system of 

shared meanings (Berger & Luckman, 1966; Geertz, 1983; 

Giddens, 1979; Weick, 1979), highlights the idea that the 

individual cannot be separated from learning environment. 

Cultural contexts cannot be reduced to individual processes, 

nor can context fully account for individual action (Sperber, 

1984). Conceptualizing classroom learning environments as 

cultural systems entails that researchers focus on the 

transaction between individuals and environment. To do 

otherwise would destroy meaning as an emergent property of 

the learning system. 

Conceptualizing the science classroom as a learning 

culture means that the classroom is a system of mutually 

defining cognitive, affective, and environmental factors 

which imbue the learning transaction with meaning. Neither 

the individual, nor aspects of the environment, can be 

isolated from the other. Therefore, the task facing systemic 

researchers is to study individual change within the context 

of systemic changes in the culture of the learning 
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environment. To realize this goal, one must understand how 

characteristics of individual learners are situated within a 

learning environment. In the specific case of the science 

classroom, a cultural view of classrooms challenges the 

researcher to explore how positive attitude change (a primary 

goal of science educators) is situated within the culture of 

a novel learning environment (the curricular method used to 

attain attitude change) . 

Attitudes and Attitude Change 

Once one accepts the premise that a classroom is a 

cultural learning system, the challenge faced is to explain 

how attributes of individual learners, such as attitudes, may 

be fruitfully examined from this perspective. In the case of 

the science classroom, positive student attitude change is a 

major goal. Therefore, it is necessary to understand how 

individual's attitudes fit into the patterns of systemic 

relations in a classroom learning culture. Several 

characteristics of attitudes themselves clarify how this is 

possible. These characteristics also draw researchers' 

attention to limitations in the analytic study of attitudes 

in the science classroom environment. Three attitude 

characteristics are relevant to this discussion: attitude 

contents, attitude organization, and attitude change effects. 
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Contents 

For years, attitude scholars have debated the nature of 

attitudes, probably because the attitude construct is one of 

the oldest in the social sciences (McGuire, 1984). Despite 

these definitional differences, most scholars typically 

include two dimensions in their attitude research: cognitive 

and affective (Fishbein & Ajzen, 1975; Triandis, 1971). The 

cognitive dimension consists of the beliefs one holds about 

the self. others. and objects in the world. Thus, the 

cognitive aspect of an attitude refers to the statements of 

relationship or existence of conditions one perceives to be 

probably true or false. Therefore, "Scientists are 

intelligent people H; "Science is a way of knowingH; and 

"Science is objectiveH are all examples of the cognitive 

dimension of attitudes. 

The affective dimension of attitudes consists of one's 

favorable or unfavorable feelings toward the objects of one's 

beliefs. It is one's evaluative judgment of the "thingsH 

which constitute his or her perceptions about the world. For 

example, one's judgment that "Scientists are good people H is 

an affective component of an attitude toward scientists. 

Thus, the affective component of attitude gives beliefs 

valence or direction (whether positive or negative) . 

Additionally, however, the affective dimension of attitude 
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also consists of the intensity or strength of one's positive 

and negative feelings. For example, one hold the opinion 

that ~Scientists are good people" to either an extremely 

strong, or relatively week, degree. Together, the valence 

and intensity of one's evaluations of his or her belief 

objects constitute the affective attitude dimension. 

Both the cognitive and affective attitude dimensions are 

required to define one's attitudes. It makes little sense to 

recognize that a person has an intense, positive, view of 

some belief object, without also knowing that the person 

accepts the belief as probably true or false, or vice versa. 

For example, knowing that a student believes that ~Science 

classes are a lot of hard work," holds little meaning for the 

attitude researcher, without also knowing the evaluative 

judgment the student places on working hard in science 

classes. A positive versus negative view of ~hard work" 

would constitute radically different attitudes toward science 

classes. Therefore, an attitude is a two-dimensional, 

internal structure, manifesting itself in feelings of 

favorableness or unfavorableness toward some stimulus 

(Fishbein & Ajzen, 1975; Triandis, 1971). 
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Organization 

The interrelationships among attitudes also are relevant 

to the design of attitude change interventions. Most 

theorists agree that attitudes are organized in schemata: 

sets of rules or generalizations which guide information 

processing about social experience (Markus, 1977; Taylor & 

Crocker, 1981). Schemata represent a person's complex of 

attitudes about some area of experience. For example, one's 

schematic generalizations about politics might include: 

~Republicans are fiscal conservatives"; ~Democrats are 

socially liberal"; and ~Fiscal conservatism is good." Each 

individual belief and opinion statement represents a node in 

a complex web of relationships. Because one's schemata serve 

as a framework for interpreting social stimuli, several 

characteristics of these schema affect the efficacy of 

attitude change interventions. 

First, schemata reflect one's assumed relationships about 

experience, rather than genuine, empirical, covariations 

(Schneider, Hastorf, & Ellsworth, 1979). Cognitive schemata 

are not necessarily faithful reflections of the external 

reality one experiences. Instead, attitudinal schemata 

represent one's personal theories about how experiences 

should be related, rather than how they actually are, in 

fact, linked to one another. Therefore, attitude change 
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interventions, if they are to be effective, must target the 

perceived covariations of the target population, rather than 

those experienced, or assumed to be true by the change agent. 

Second, since attitudes are related in schematic 

structures, one must consider the structural complexity of 

attitudinal schemata when attempting attitude change 

interventions. Complexity refers to the number of attitudes 

in a schema, and the integration of those attitudes 

(Crockett, 1965). A schema exhibits greater dimensional 

complexity as the number of individual attitudinal elements 

in the system increases. If we liken an attitudinal schemata 

to a spider web, the more individual nodes in the web, the 

greater its dimensional complexity. Thus, an attitudinal 

schema that contains 20 beliefs about a topic is more 

dimensionally complex than a schema which contains 5 beliefs. 

Integrative complexity refers to the number of connections 

between the attitudinal elements within a schemata. As the 

number of bonds between the nodes in a schematic web 

increases, so does the integrative complexity of the system. 

For examples, a schema which contains 25 connections between 

five attitudes, is more integratively complex than a schema 

which contains 10 connections between five attitudes. These 

two aspects of schematic complexity, therefore, represent 

one's ability to differentiate an attitudinal object, and to 

relate that object to other attitudinal foci. 
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Research has consistently demonstrated that, regardless of 

the contents of one's attitudes, the complexity of one's 

attitudinal schemata greatly affects the success of attitude 

change interventions. Generally, people with greater 

schematic complexity exhibit a greater ability to detect and 

comprehend attitude change interventions in their environment 

because of their greater ability to make fine discriminations 

among environmental stimuli (Delia, Clark, & Switzer, 1974). 

Concomitantly, however, people with complex shemata are more 

resistant to attitude change because of their ability to 

integrate the environmental distinctions they perceive into 

their schematic structures (Hale & Delia, 1976). Any given 

attitude is weak and subject to change to the extent that a 

schema contains few other attitudes within its domain, or 

those attitudes are poorly related to one another. 

Therefore, attitude change interventions must consider both 

the dimensional and integrative complexity of the attitudinal 

schema of the target population. 

Third, as the discussion of schematic complexity implies, 

individual attitudes are located at various points within a 

schema. The term centrality often is used to describe the 

location of an attitude within a schematic structure (Tesser, 

1976; Tesser & Leone, 1977). A centrally located attitude is 

more closely related to a person's basic goals, values, and 

self-concept than is a peripherally located attitude. Again 

comparing attitudinal schemata to a spider web, centrally 
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located attitudes are positioned at or near the vertex of the 

web, while peripheral attitudes are located at nodes farther 

away from the center of the web as it radiates outward. 

Generally, how easily a person's cognitive schemata may be 

altered is inversely related to the degree of centrality of 

the target attitudes (Tesser, 1976; Tesser & Leone, 1977). 

Within a given schema, centrally located attitudes are 

resistant to change: Since central attitudes constitute the 

hub of a system of attitudes, change near the hub would 

necessitate change throughout the entire system. For 

example, ardent pro-lifers are unlikely to change their 

attitudes toward the value of human life because such a 

change in their core beliefs would entail a change in their 

entire attitudinal system, including all their peripherally 

located attitudes within the system. Similarly, whole 

schemata may be more or less centrally located than others, 

hence, affecting their resistance to change. For example, an 

avid sports fan may have complex schemata about athletic 

events, yet, that system of attitudes may be more 

peripherally located within their entire world view than a 

schemata about religion, politics, or any other system of 

attitudes located near the core of that person's values and 

self-concept. Therefore, attitude change interventions may 

be more of less successful depending on the centrality of 

those attitudes, and even when change occurs, it may be 

relatively unimpactful due to the location of other attitudes 
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in the system, as well as, the centrality of the individual 

schemata within one's entire system of attitudinal schemata. 

Fourth, given the variability within and between 

attitudinal schemata, it follows that factors which affect 

the selection and utilization of these interpretive frames 

also impact the effectiveness of attitude change 

interventions. Stated another way, each person has many 

different schemata which could be used to process a 

particular attitudinal stimulus. Both internal and external 

factors affect this process (Tesser, 1976). Internally, 

one's personal motivations and goals in a situation help 

determine which attitudinal schema one chooses to utilize. 

For example, student's interested in science might evaluate 

their school science lessons in reference to this motivation, 

while less interested students might apply general "school 

lesson" schemata to the same lecture. Externally, the 

context in which the attitudinal stimulus is presented can 

affect the selection of attitudinal schema. For example, a 

student may view an educational television program at school 

as "just another part of school," while the same program, 

viewed at home may be seen with greater (or lesser) interest, 

because the student is not processing the information in the 

context of a "typical classroom activity" schema. Research 

has shown that these internal and external factors which 

affect the selection and utilization of attitudinal schema 

greatly affect attitude change (Cohen & Ebbesen, 1979). 
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Attitudinal Effects 

As the preceding discussion implies, attitude change can 

manifest itself in several ways. Notably, attitude change is 

much more than the reversal of valence sought in much of the 

attitudes toward science education literature. Three 

attitudinal effects are possible in any successful attitude 

change intervention: alteration of attitudes, reinforcement 

of existing attitudes, and the creation of new attitudinal 

elements. 

The alteration of existing attitudes refers to the 

reversal of valence sought in most traditional attitude 

change (and school science attitude research). For example, 

making a negative attitude toward science positive, or vice 

versa. The reinforcement of existing attitudes refers to a 

change toward greater intensity or centrality of an attitude. 

For example, a student's already favorable attitude toward 

science might be made more resistant to change when it moves 

to a more central location within the schema. The creation 

of new attitudinal elements refers to changes in dimensional 

or integrative complexity. Thus, new beliefs about science 

may be added to an existing schema (dimensional complexity), 

or new relationships between two or more pre-existing 

attitudes may be created, such as when a link between 

knowledge of science and the ability to function in a 
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technologically-oriented society is created (integrative 

complexity). While each of these separate effects 

constitutes "attitude change," virtually all previous studies 

of students' attitudes toward science have explored only 

attitude alteration. This practice may be misleading because 

it fails to recognize many of the features of attitudes which 

could be related to the design of effective school science 

attitude change programs. 

In addition to changes in attitudes themselves, many 

school science programs are designed to change students' 

behaviors, such as science learning, enrollment in elective 

science courses, and participation in science careers, which 

are believed to be mediated by their attitudes (Fraser, 

1982). This assumption, however, may be unfounded. 

Attitudes and behaviors have been shown to be related in at 

least four ways: attitudes influence behaviors directly, 

behaviors influence attitudes directly, attitudes and 

behaviors are reciprocally related, and attitudes and 

behaviors are unrelated. While each of these positions has 

received considerable support over the years, a consensus is 

emerging among theorists in favor of the view that attitudes 

and behaviors are reciprocally related (Smith, 1982); overt 

behavior and attitudes exert powerful influences on each 

other, simultaneously. From this perspective, it seems 

appropriate to shift one's research focus from seeking the 

nature of the relationship between attitudes and behaviors, 
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toward the exploration of ~ and under what conditions 

attitudes and behaviors are related (Smith, 1982). This 

approach requires the curriculum designer and researcher to 

investigate the complex of personal, contextual, and 

attitudinal factors which foster close relationships between 

students' attitudes and behaviors toward the study and 

practice of science. In other words, by adopting a systemic 

research perspective, educators and theoreticians might 

develop a fuller understanding of students' attitudes toward 

science. 

Attitudes In Systemic Perspective 

As the preceding discussion implies, it is possible and 

useful to study individual attitude change in the science 

classroom from a systemic perspective. This is true for four 

reasons: First, one's attitudinal schema reflect 

relationships and judgments about envi~onmental stimuli, 

assumed to be true. This suggests that individuals' 

attitudes reflect the meanings they attach to their 

interaction with environmental stimuli. Therefore, it seems 

unreasonable to study attitudes and attitude change in 

isolation from changes in the environmental system. Since 

meaning is a product of the reciprocal relationships among 

environmental factors, those connections ought to be the 

focus of study when knowledge of attitude change is desired. 
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Second, isolating attitude change from the environmental 

system ignores the influence of schematic complexity on 

attitude change. Schematic complexity necessitates that one 

consider the relationships among attitudes in a system. 

More centrally located attitudes are more resistant to change 

because they are strongly related to core values, basic 

goals, and the self-concept. Therefore, an understanding of 

the success of various attitude change interventions could be 

facilitated by knowing which attitudes are most strongly 

related to core values and the like. This requires a focus 

on structural relationships in a system of meanings. 

Third, the process of schemata selection clearly links 

attitude change to the location of attitudes in a cultural 

system. When more than one schemata can be used to process 

attitudinal stimuli (as is almost always the case) internal 

and external structures other than attitudes themselves 

influence how processing will proceed. This means that it is 

only possible to understand attitude change by studying how 

attitudes are structurally related to other factors in the 

cultural system. 

Fourth, the possible effects of attitude change 

interventions also highlight the value of studying individual 

attitude change in systemic perspective. By studying only 

the contents of attitudes, it is difficult if not impossible 

to determine when new attitudes have been created, or target 

attitudes have been relocated within an attitudinal system. 
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This is because the systemic perspective places emphasis of 

the relationships among structures, not only the contents of 

the structures themselves, or a reversal of valence in those 

attitudinal contents. Similarly, the relationship between 

attitude change and behavior change can be more fully 

understood by examining the structural relationships between 

attitudes, behaviors (such as science achievement), and other 

environmental and individual factors. By examining the 

reciprocal impact of attitudes with other cultural system 

factors can one more fully uncover the nature and role of the 

various effects which might occur through attitude change 

interventions. 

Each of these four issues has been a shortcoming in the 

analytic study of attitudes in the science classroom. Each 

one also demonstrates the value of studying individual 

attitude change in the science classroom from a systemic 

perspective. The next section reviews the literature about 

attitude change in the science classroom and points to areas 

which could be improved through the adoption of the systemic 

perspective. 

Attitudinal Effects in Science Classrooms 

Research literature which explores student attitude change 

in science classrooms is reviewed in this section. The 

purpose of this review is to examine how attitudes have been 
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shown to relate to science learning environments, in order to 

raise issues in this area which might be fruitfully addressed 

from the systemic perspective. Since the science learning 

environment is hypothesized to contain a mix of contextual, 

personal, and cognitive factors, each of these areas is 

discussed. The section concludes with an analysis of the 

potential value of exploring the role of attitudes in the 

science learning environment from a systemic perspective. 

Contextual Factors 

Several studies have tested the relationships between 

contextual factors and students' attitudes toward science. 

Most of them examined changes in teacher behavior. For 

example, Tamir and Amir (1987) found that inquiry based 

teaching, in which teachers give students wide latitude in 

topic selection and direct laboratory based experimentation, 

improved students' general attitudes toward science, 

curiosity, interest level, and study habits in the biology 

classroom. Studies of exemplary science programs, also have 

found that male and female students' attitudes toward 

science (Yager & Penick, 1989), and their science teachers 

(Vargas-Gomez & Yager, 1987) were more favorable than 

students' attitudes in traditional, general , science 

courses. Exemplary programs were characterized by two 

factors: First, they focused on social problems, 
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technological applications, and the community and personal 

relevance of science. Second, teachers in exemplary programs 

asked more questions, encouraged students to ask questions, 

fostered the development of students' own ideas, were 

perceived to have more favorable attitudes toward science, 

and were perceived to know more about science than their 

counterparts in traditional programs. While it seems 

reasonable that these factors accounted for differences in 

students' attitudes toward science, extant studies have not 

examined these relationships, thoroughly (Vargas-Gomez & 

Yager, 1987). 

Many investigators have paid particular attention to 

effects of science-technology-society (STS) courses on 

students' attitudes toward science. Like the so-called 

exemplary science programs, STS courses extensively have 

utilize technology in the classroom and encouraged students 

to develop their own investigations of the application of 

science to social problems (Spiegel-Rosing & Price, 1977). 

For example, Hounshell and Hill, Jr. (1989, p. 543) 

introduced computer technology into high school biology 

courses in order to "expand, enrich, reconstruct, and 

supplement" traditional teaching methods. Although not 

assessed directly, they attributed improved student attitudes 

toward science to changes in the whole classroom environment, 

induced by the use of computers. Many others have reported 

similar conclusions. Shymansky, Hedges, and Woodworth 
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(1990), in a meta-analysis of studies conducted in 60's and 

70's, reported significant small to moderate improvements in 

students' attitudes toward science, science knowledge, and 

problem-solving skills in STS courses when compared to 

students enrolled in traditional science programs. 

Few studies have examined environmental factors other than 

the science curriculum itself, and teachers' curriculum

related behaviors which came to bear on students' attitudes 

toward science. As predicted by attitude change theory 

(Fishbein & Ajzen, 1975), however, studies which have 

examined these other contextual attitudinal factors have 

found them to be potent influences on students' attitudes 

toward science. For example, Wareing (1990) surveyed 1,740 

high school science students to determine the influence of 

such conditional elements on subsequent attitudes. She found 

small but significant relationships between students' 

perceived stress, effort, perceived rewards of study, and 

their attitudes toward science and academic achievement (as 

measured by their report card grades). Pinchas and Gardner 

(1989) studied the impact of conditional influences outside 

of the classroom on students' science attitudes and 

achievement. Notably, they found that students who had 

outside interests related to science, or parents who were 

involved in scientific careers, had significantly more 

favorable attitudes toward science and the study of science 

than other students. 
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Clearly, the literature concerning environmental 

influences on students' attitudes toward science has 

suggested the existence of at least a small relationship 

between these factors. In general, students in novel, STS

type courses have had more favorable attitudes toward science 

than their counterparts in traditional science courses. The 

link between these environmental factors, attitudes, and 

achievement, however, has been less clear. Although meta

analysis (Shymansky et al., 1990) demonstrated a significant 

relationship between these factors, generally, the specific 

factors which influenced achievement varied from study to 

study. Additionally, recent studies have found that 

environmental influences other than the curriculum itself 

have changed students' attitudes. These factors merit more 

consideration. 

Interest in the culture of the science learning 

environment, however, encourages one to probe these 

attitudinal effects more deeply. Notably, a systemic 

approach focuses on the structural relationships among 

factors. In the case of attitudes, one would want to know 

how students' perceptions of their learning environments are 

related to their attitudes. Further, how are environmental 

factors, other than the curriculum itself, integrated into 

students environmental perceptions and attitudes toward 

science? Stated another way, the extent studies have focused 

solely on the content of attitudes and environments. They 
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have examined how the contents of one factor changed (i.e., 

positive and negative values on attitude scales) based on the 

changes in the contents of another factor (i.e., various 

amounts of teacher questioning, etc.). They have not focused 

on systemic relations; how attitudes and environments 

reciprocally influence each other, despite their content 

values. For example, a systemic approach might explore how 

students' perceive relationships between attitudinal and 

environmental factors, and how these perceived relationships 

change across different science programs. To the extent that 

one accepts the assumption that learning processes are 

contextually situated, it then follows that exploring the 

culture of the science classroom learning environment would 

complement and add insight to the traditional, analytic study 

of students' attitudes toward science. 

Personal Factors. 

A second set of investigations has examined the influence 

of personal characteristics on students' attitudes toward 

science. Because of its relationship to future participation 

in science, gender has been extensively studied. There has 

been considerable debate surrounding gender differences in 

attitudes toward science. A consensus is emerging, however, 

that males have more favorable attitudes toward science than 

females by high school, but that this discrepancy does not 
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exist in the younger elementary grades (Levin & Fowler, 

1984). Additionally, it has been increasingly recognized 

that males have more positive attitudes toward the physical 

sciences, but that females have more positive attitudes than 

males toward the biological sciences (Friedler & Pinchas, 

1990; Schibeci, 1983). 

Some researchers have attributed gender differences in 

attitudes toward science to differences in the socialization 

patterns and outside school science experiences of males and 

females. For example, Kahle, Matyas, and Cho (1985) reported 

that males and females have had different experiences outside 

of school which are intuitively related to their respective 

preferences for the physical and biological sciences. These 

experiences were significant predictors of attitudes and 

achievements in science when covaried with school 

experiences. They also found, as did Mason and Kahle (1988), 

that teacher interventions designed to stimulate gender free 

learning environments improved both male and female students' 

attitudes toward science, its value, scientists, and science 

careers, while at the same time eliminating any significant 

gender differences in general attitudes toward science. 

Another group of studies explored relationships between 

students' attitudes toward science and other cognitive 

factors. For example, Barrington and Hendricks (1988) found 

that academically gifted students had more favorable 

attitudes toward science, being a scientist, and the social 
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value of science, than did other students. Saunders and 

Young (1985) found that biological knowledge and general 

attitudes toward science improved when living visual aids 

were used substantially in the classroom. They explained 

that the use of the living aids increased interest and 

curiosity, which in turn improved attitudes, in turn 

increasing knowledge of the subject. Finally, Trout and 

Crawley (1985) found that matching teacher style to students' 

need to learn, achievement level, cognitive style, and locus 

of control, improved general attitudes toward science 

(although achievement, attitudes toward studying science, and 

attitudes toward the science teacher, did not improve). 

Drawing on social learning theory (Rotter, 1980), the authors 

concluded that student attitudes changed as a function of 

their self-initiated cognitive processes regarding their 

personal expectancies and the perceived value of the rewards 

of studying science. 

The study of personal factors again has suggested that 

these factors do play a significant role in affecting 

students' attitudes toward science. From an analytic 

perspective, these studies have shown, that all else equal, 

the ways in which one's score on an attitude scale is 

affected by each variable. However, all else rarely is equal 

in education. A systemic perspective on these factors, in 

contrast, would examine the patterns of interdependencies of 

these factors with attitudes, as they are situated in a 
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particular learning environment. For example, one might 

explore how young boys and girls, as stereotypically 

socialized, might be differentially affected by equally 

positive attitudes toward science (as would seem intuitively 

reasonable to speculate). That is, might attitudes toward 

science play a different role in the meaning one attaches to 

the study of science, given different gender socializations, 

in a particular learning environment? Only by taking a 

systemic perspective can one reasonably explore such 

possibilities. 

Schematic Factors 

Attitude theory has posited that the structure of an 

attitude system, itself, will influence the contents of 

particular attitudes. Virtually no research in the attitudes 

toward science literature exists in this area, probably 

because such studies are nearly impossible to conduct from an 

analytic perspective. There are, however, a few conceptual 

papers and empirical investigations which have started to 

move in this direction. For example, Koballa, Jr. and 

Crawley (1985) have theorized that the relative importance of 

one's attitude toward science, studying science, and one's 

perceptions of cultural, parental, and peer attitudes, 

influence how, and when one utilizes and changes her/his 

personal attitudes. Furthermore, they speculated that 
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although one may have favorable attitudes toward science, one 

may not act consistently with those attitudes (i.e., 

enrolling in elective science courses, devoting lots of study 

time to science, participating in science fairs, etc.), 

unless one perceives that valued others (especially peers) 

also hold and express similar attitudes. 

Meta-analytic studies of the attitude toward science -

scientific achievement link somewhat support this 

speculation. For example, Fraser (1982) concluded in his 

review that attitudes accounted for only about one percent of 

the variance in academic achievement in science. More recent 

reviews confirm this conclusion, although they also report 

stronger correlations when different measures of achievement 

are considered (Germann, 1988). The attitude-achievement 

link has not been found to be as strong and consistent as the 

proponents of traditional attitude change research have 

speculated. Other factors have appeared to mediate this 

relationship. 

Intuitively, one would expect a stronger, clearer, 

relationship between students' attitudes toward science and 

their achievements in science. The extant findings in this 

area, however, may say more about limitations in the extant 

research than they do about the attitude-achievement link. 

Because analytic research focuses on the contents of 

attitudes, rather than the structural relationships between 

attitude systems and other constructs, the attitude-
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achievement link is addressed only indirectly in the analytic 

literature. This is an important shortcoming. Recall that 

attitude theory has suggested that schematic factors strongly 

influence the degree to which attitudes are susceptible to 

change, and the relationship between attitudes, other 

cognitive factors, and subsequent behavior. Empirical 

research has supported this contention in the science 

classroom, demonstrating that although students may possess 

favorable attitudes toward science in general, it does not 

follow that they will also favor studying science, their 

science teachers, or be interested in scientific careers . 

. These relations are influenced by other attitudes, 

cognitive, and environmental factors, such as perceptions of 

peer attitudes, parental and societal values, the role of 

science in social problems, and so on (Menis, 1988; Vitale & 

Johnson, 1988). Therefore, it is important that research 

focus directly on these linkages. What is needed is research 

which integrates the role attitudes play in science learning 

with other cognitive and environmental factors (Schibeci, 

1983). By adopting a systemic focus, this is possible. 

Attitudes And Science Learning CuJtures 

The analytic study of attitude change in science 

classrooms has demonstrated a relationship between attitudes 

and the learning environment. Generally, student attitudes 



62 

toward science and science learning are more favorable in 

novel, STS-type environments. The magnitude of this 

relationship, however, is weak. Analytic attempts to better 

define this relationship, and more importantly, to improve 

students' attitudes face three limitations: 1) These studies 

focus only on the contents of attitudes, leaving many 

important aspects of attitudes and attitude change 

unexamined. 2) Absent better development of the nature of 

the learning environment, there is no mechanism to explain 

differential student attitude change across studies and 

classrooms. 3) The extant research is poorly integrated, 

contributing to the slow development of the theoretical 

rationale necessary to explain and foster attitude change in 

science classrooms. 

Exploring attitude change in science classrooms from a 

systemic perspective may begin to address these issues. 

Because systemic research would focus on the structural 

relationships between attitudes and environmental factors in 

the science learning culture, it might offer insights into 

the explanation of attitude change across studies, integrate 

attitudes with other constructs of importance, and more fully 

tap the relevant dimensions of the attitude construct. 

Furthermore, systemic research might help clarify the link 

between student attitude change and achievement in science; a 

crucial goal in science education. Since the systemic 

perspective centers on the structural interdependencies among 



63 

factors, it can explore the relationship between evaluating 

and doing science in a manner not possible from an analytic 

perspective. 

Systemic research might also offer insight into the 

relationships between students' attitudes and other personal 

and cognitive factors which play roles in the science 

learning culture. Because systemic research circumvents the 

~all else equal" assumption which is inherent in analytic 

research, it can extend analytic research by exploring the 

links between attitudes, personal and cognitive factors, QfiQ 

the way these factors are situated in the learning 

environment. 

Exploring an Example Science Learning Culture 

The discussion in this chapter has raised issues in the 

analytic study of science education and developed the claim 

that systemic research would offer fresh insights in the 

area. This contention is further illustrated by exploring an 

example science learning culture, the International Science 

Classroom (ISC), from a systemic perspective. After briefly 

describing the ISC, questions are posed which drive the 

examination of attitudes in the culture of the ISC from a 

systemic perspective. 

The ISC was a collaborative project undertaken by teachers 

and university researchers to create a STS learning culture 
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for high school students. The project implemented the 

defining features of an STS classroom (DeBoer, 1991): It was 

holistic and authentic. Instead of working alone, studying 

lecture notes and conducting laboratory assignments, ISC 

students worked in teams to conduct real-life like scientific 

investigations. The teams prepared original research reports 

on the central topic ~Science and technology in service of 

society." For example, one team explored the biological 

problems and legislative roadblocks involved in the treatment 

of groundwater; another tested the feasibility of 

implementing solar home heating; another examined methods of 

increasing crop yields in arid lands. The project concluded 

with a ~Science Congress" in which students presented and 

debated the merits of their works. Thus, students engaged in 

all aspects of the research process, from conception to final 

report. The instructor served primarily as a resource person. 

The ISC also was technology intensive. Students used 

computers for the purposes of communication between the 

students and teachers, modeling social and physical 

processes, collecting, organizing, and sharing large bodies 

of information, analyzing empirical data, and writing, 

editing, and sharing their final research reports. This 

usage of technology was authentic in that computers were used 

as tools to actually ~do science," much the same way as 

practicing scientists use computer technology in their work. 
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The ISC project also created a collaborative learning 

environment for students. Student research teams crossed 

disciplinary boundaries. Students from biology, chemistry, 

physics, and social science courses worked together on the 

scientific and social aspects of their projects. The project 

also fostered the breakdown of physical classroom and school 

constraints by encouraging students from different 

classrooms, as well as different high schools participating 

in the project, to work collaboratively. Additionally, ISC 

students shared information, posed questions, and debated 

ideas via computer-mediated communication with parallel teams 

of Israeli students who participated in the ISC in Tel Aviv 

and Ramat-Gan. Thus, collaboration also fostered the 

authenticity and social-relevance in the ISC environment. 

These aspects of the ISC were included as an attmept to 

create a novel learning environment for science students. 

The traditional science curriculum was disciplinary-based; 

focused on lectures, note-taking, textbook memorization, and 

separate laboratory assignments; made little connection 

between science and its applications; and challenged students 

to master a body of scientific facts. In contrast, the ISC 

curriculum encouraged collaborative, interdisciplinary, 

research into the social problems which interested students; 

encouraged students to develop a view of science as it exists 

in relation to its social and personal application; sought to 

create the perception of science as a useful approach to 
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problem-solving with personal applicability; and sought to 

foster positive attitude change toward science among 

students. Therefore, once the ISC curriculum was introduced, 

the activities in which science students engaged in on a 

daily basis changed radically. They worked together, instead 

of alone. They asked questions, instead of only answering 

them. They used their knowledge of other subjects to help 

solve problems. They conducted their own research, instead 

of reading about the research of others. They used computers 

to organize, store, and share information, instead of as 

high-tech typewriters. Because of these changes in students' 

daily classroom activities, the ISC provided an interesting 

field in which to explore changes in students cogntive, 

affective, and environmental perceptions of science and its 

study. 

The systemic examination of the novel learning environment 

which researchers and teachers attempted to foster through 

the ISC raises several interesting questions. Some of these 

questions concern the nature of the learning environment 

itself: 1) What is the structure of the classroom learning 

environment in the ISC? 2) Do the hypothesized environmerrkal 

factors all play a role in students' perceptions of their 

classroom culture? 3) Do differences in students' 

characteristics affect the ways in which they perceive the 

structure of the ISC environment? 4) Does participation in 

the ISC change students' perceptions of the structure of the 
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learnjng environment? 5) How do potential changes in the 

structural relationships among the environmental factors 

relate to potential changes in the contents of those factors? 

Since positive attitude change is a major goal of science 

education in the ISC,a second set of research questions 

pertains to the structure of attitudinal systems in the ISC: 

1) What is the structure of students' atLitudinal systems in 

the ISC? 2) Do differences in students' characteristics 

affect the structure of their attitude systems? 3) ~ 

participation in the ISC change the structure of students' 

attitudinal systems? 4) How do potential changes in the 

structural relationships among students' attitudes relate to 

potential changes in the contents of their attitudes? 

Since the ultimate goal of adopting a systemic approach to 

science education research is to situate individual changes 

within changes in environmental patterns, a third set of 

questions addresses the relationships among the congnitive, 

affective, and environmental factors which comprise the ISC 

cultural system: 1) How are students' cognitions. attitudes, 

and environmental perceptions situated in the structure of 

the classroom cultural system? 2) Do students' 

characteristics affect their perceptions of the structure of 

the ISC learning culture? 3) Does participation in the ISC 

change students' perceptions of the structure of their 

classroom culture? 4) How do potential changes in the 
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changes in the contents of classroom culture? 
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To summarize, this dissertation is a report of a 

demonstration of a systemic approach to research into 

students' attitudes toward science. The purpose of this 

demonstration was to offer insights into the study and 

practice of science education. The potential for new 

insights was posited on the basis of a distinction between 

the analytic and systemic research approaches (Salomon, 

1991). Each approach offers unique insights because the two 

research approaches are complementary. In order to adopt a 

systemic approach, however, it was argued that one should 

view the science classroom as a cultural system, because this 

view highlights the significance and meaning students attach 

to the educational process which arises from the 

transactional relationships among the factors which comprise 

the classroom. From this perspective, research into the 

effects of a science education curriculum designed to change 

students' attitudes toward science should explore how those 

attitudes are structurally related to each other, and to 

other factors in the cultural system. Therefore, attitude 

theory and previous research into students' attitudes toward 

science were reviewed in order to learn how these effects 

might occur. When placed into the context of the ISC 

curriculum, these reviews suggested several questions which 

guided this investigation. To the extent that this rationale 
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has merit, careful examination of these questions promises to 

offer insights into the study and practice of improving 

students' attitudes toward science education. The next 

chapter discusses the methodology employed to address these 

questions. 
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CHAPTER 2: METHOD 

The major purposes of this project were to offer insights 

into the culture of the science classroom learning 

environment, and the ways individual changes in students' 

attitudes were situated within the context of patterns of 

changes in the systemic relationships which constitute the 

classroom culture. This entailed the study of an example STS 

learning culture, the International Science Classroom (ISC). 

This chapter details the methodology used to study the ISC. 

Participants and Research Setting 

A total of 162 students (82 male, 80 female) participated 

in the ISC. Since one of the goals of the ISC was to 

approximate the interdisciplinary, collaborative efforts of 

real scientists who tackle social problems, students 

participated from three different courses: two sections of 

chemistry (n = 68), one biology (n = 63), and one world 

history (n = 31). Students participated in the ISC in order 

to fulfill the requirements of their respective courses. 

Each course was led by a different instructor. These courses 

were conducted in two high schools in the same district 

within a medium-sized southwestern city. One school (n = 68) 

was located in an upper middle class suburban neighborhood; 

the other (n = 94) in a working class urban neighborhood. 
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The demographic composition of the ISC classes reflected the 

composition of the district at-large. 

Measures 

Classroom environment and students' attitudes toward 

science were the major variables in this study. 

Additionally, several other individual student 

characteristics, previously shown to influence attitude 

change and learning in science classrooms, were included in 

the investigation. These factors were science achievement, 

students' perceived self-efficacy, and students' propensity 

to be mindfully engaged in the study of science. The 

operationalization of each of these factors is discussed in 

this section. 

Classroom Environment 

The Perceived Environment Questionnaire (PEQ) was 

constructed to measure students' perceptions of ISC classroom 

environment. The PEQ instrument consisted of 30, seven-point 

agreement scales, designed to tap the seven theoretical 

facets of the classroom environment. Factor analysis 

supported this seven factor structure: (1) Teacher Behavior 

(TB) assessed students' perceptions of the amount of respect 

and encouragement the teacher demonstrated in class. (2) The 
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Teacher-Student Interaction (TSI) dimension assessed 

students' perceptions of the positivity versus negativity of 

their personal communication encounters with the teacher. 

(3) The Student-Student Interaction (SSI) facet measured the 

positivity versus negativity of students' communication with 

each other. (4) Classroom Atmosphere (CA) scales assessed 

students' perceptions of the openness of the classroom 

environment. (5) Sense of Control (SC) items measured 

students' perceptions of their freedom to influence classroom 

policy and procedures (6) The Task and Activity (TA) 

dimension measured students' interest and initiative in the 

ISC. Alpha reliability of the PEQ instrument was 0.72. The 

PEQ is reproduced in Appendix A. 

Attitudes Toward Science 

Students' attitudes toward science were assessed on 36 

scales ranging from "strongly agree" to "strongly disagree." 

Factor analysis revealed a seven dimension clustering of 

students' attitudes: (1) The attitudes toward scientists 

(AS) dimension measured students' perceptions of professional 

scientists themselves. (2) The attitudes toward studying 

science dimension (ASS) assessed students' evaluations of 

their science classes, including the ISC project. (3) 

Students reported their beliefs about what scientists do on 
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the nature of science scale (ANS). (4) The social value of 

science (ASV) dimension measured students' evaluations of 

what they believe scientists do. (5) The attitudes of peers 

(AP) scale asked students to report their perceptions of 

their peers' evaluations of the study and practice of 

science. (6) Students reported their interest in pursuing 

employment as scientists on the attitudes toward science 

careers scale (AC). (7) Finally, the science hobby scale 

(AH) asked students to report their interest in science 

related leisure activities, such as participation in science 

clubs and watching educational television programs. Alpha 

reliability of the attitudes toward science scales was 0.85. 

The scales used to measure the seven dimensions of students' 

attitudes toward science are included in Appendix B. 

Science Achieyement 

Students indicated their science knowledge by completing a 

multiple-choice Science Achieyement Test (ST) (alpha = .79). 

Consistent with STS curriculum, the test emphasized critical 

thinking, decision-making skills, evaluation of evidence, and 

analytical skills, rather than the mastery of a body of 

scientific facts. Students' scores on the science test were 

reported as the percentage of items answered correctly. The 

science test is included in Appendix C. 
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Perceived Self-Efficacy 

Students reported their ability to accomplish science

related tasks on a 12-item Perceived Self-Efficacy scale 

(PSE). For each task, students indicated their capabilities 

on a 5-point scale, ranging from "I could not do it," to "I 

could do it easily on my own." Factor analysis of the data 

supported a three dimensional solution: (1) The scientific 

thinking dimension (EST) assessed students' abilities to 

recognize science-related problems, analyze data, and prepare 

scientific reports. (2) The information gathering (E1G) 

facet measured student efficacy at using a research library, 

identifying appropriate sources of information, and using 

scientific databases to uncover the information needed to 

solve science related problems. (3) Students' computer self

efficacy (EC) included their ability to use computers for 

managing data, communication, and report preparation. Alpha 

reliability of the PSE instrument was 0.79. The PSE 

instrument is included in Appendix D. 

Mindfulness 

Students reported their proclivity to be more or less 

cognitively engaged in their science studies on a mindfulness 
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instrument, comprised of 28, 7-point agreement scales. 

Factor analysis supported that the mindfulness scale 

contained two dimensions: (1) The general tendency of 

students to exert mental effort (ME), and (2) their 

preference for tasks which require complex thought (MPC). 

Coefficient alpha reliability of the mindfulness instrument 

was 0.83. The mindfulness instrument is included in Appendix 

E. 

Procedures 

The ISC was conducted during six months of a nine month 

school year. In August, ISC teachers met to construct a list 

of possible student research topics which would be consistent 

with the overarching ISC topic, "Science and Technology in 

the Service of Society." These included farming arid lands, 

blood catalysis, chemical survival techniques of plants and 

animals, solar energy, sports, water management, and 

comparative ecology. In early September, the ISC teachers 

informed their classes that they were required to participate 

in the ISC project, in conjunction with their traditional 

science curriculum. Although the implementation of the ISC 

project varied somewhat from teacher to teacher, typically, 

each class spent roughly half of each week working on their 

traditional science studies, and the other half on the ISC. 
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In mid-September, just prior to the time when students 

actually began their ISC projects, the investigator visited 

each of the ISC classrooms to administer a packet of 

instruments to each student. The order of the instruments 

within the packets varied so that any sequence effects which 

obtained would be counterbalanced. Typically, students 

completed the instrument packet in 30 to 40 minutes. 

From mid-September through mid-March, students conducted 

and completed their ISC projects. Each of these projects 

included the important aspects of a STS curriculum: 

interdisciplinary, interschool, and international 

collaboration, communication, and authenticity. The ISC 

project concluded in mid-March with a science congress in 

which the student teams met at a local hotel and presented 

their research reports, just as professional research 

scientists would do at an academic convention. Within the 

week following the science congress, the investigator visited 

the ISC classrooms and administered the post test, following 

the same procedures as in the pretest. 

Data Analysis 

A primary purpose of this project was to demonstrate a 

systemic approach to research in science education. To do 

so, the data were analyzed two ways. First, the contents of 

students attitudinal, cognitive, and environmental using 
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ANOVA in an analytic manner. Second, the structural 

relationships among the factors were systemically explored 

using a multi-dimensional scaling (MDS) technique. Each of 

these techniques is detailed below. 

Analytic Data Analysis 

The protected F approach (Rosenthal & Rosnow, 1984) was 

the method of data treatment for the examination of changes 

in the contents of students' perceptions. Essentially, the 

protected F approach is a step-down procedure in which the 

significance of a general test protects against inflated Type 

1 error probability during more specific planned comparisons. 

When a non-significant omnibus test is encountered, alpha 

levels of more specific contrasts must be protected by 

employing an appropriate multiple comparison technique such 

as the Bonferroni procedure. This approach is conceptually 

justified when the number of comparisons in a single effect 

is near the number of degrees of freedom of the appropriate 

omnibus test, or when specific contrasts are not a priori 

specified, as is the case in this study. 

Therefore, three analytical steps were conducted in this 

investigation: MANOVA, ~nivariate, repeated-ANOVA, and 

focused (one degree-of-freedom) ANOVA tests. First, MANOVA 

was used to test for differences within each set of dependent 

variables (attitudinal, cognitive, and environmental). This 
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was conceptually and empirically justified since MANOVA 

protected the specified experimentwise alpha error rate, and 

since MANOVA tested the significance of each set of 

correlated dependent variables. At the second stage, 

significant MANOVA effects were probed using univariate, 

repeated-ANOVA. At the third stage, focused ANOVA tests were 

employed to probe significant univariate tests. At any stage 

following non-significant test, the Bonferroni procedure was 

be used to protect the familywise error rate at the specified 

.05 level, or, further exploration of the effect ceased. For 

example, if an effect was not significant at the second 

stage, the Bonferroni procedure was be used to protect 

against alpha-error inflation in further tests of that 

effect, or, the effect was no longer probed. This protected 

ANOVA approach was preferred because it protected against an 

inflated alpha-error rate, but at the same time did not any 

single comparison in double jeopardy, as would the blanket 

application of the Bonferroni procedure or a more 

conservative multiple comparison test (Rosenthal & Rosnow, 

1985) . 

Systemjc Data Analysis 

As a systemic approach requires, data analysis in this 

study focused on assessing the structural relationships 

between the attitudinal, cognitive, and environmental factors 
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in the culture of the ISC. Doing so required an analytic 

technique which highlighted these relationships in a reliable 

and valid manner. Therefore, Guttman's (1968) Small Space 

Analysis (SSA) was employed. 

SSA is a member of the family of multidimensional scaling 

techniques (MDS). Generally, these procedures assess the 

similarities among a set of factors, based on the calculation 

of the conceptual distance between each pair of factors as 

represented by some type of correlation or covariance matrix. 

Among this family of procedures, SSA stands out, given the 

purposes of this investigation, for two reasons: the ease 

and robustness of interpretation of SSA output, and its 

tolerance to violations of the minimal mathematical 

assumptions of SSA (Snow, Kyllonen, & Marshalek, 1984). 

The advantages of SSA stern, in large part, from the style 

of its output. SSA produces a geometric "map" of the 

conceptual configuration of a set of variables the spatial 

relationships in this map corresponding to the underlying 

structural similarities and differences among the studied 

factors. For example, if one subjected a matrix of physical 

distances between u. S. cities to SSA, SSA would quite 

literally produce a map of the geographical relationships 

between these cities, which would be clearly recognizable as 

such. Similarly, if one subjected a matrix of the conceptual 

relationships among variables to SSA, the result would be a 

"map" of the conceptual distances between the factors. Such 



a map of students' perceptions of the structural 

relationships between the attitudinal, cognitive, and 

environmental factors in the culture of the ISC is exactly 

what was sought in this study. 
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The interpretation of an SSA map is based on the 

proximities among factors. Factors which have strong 

structural relationships, mutual influences, and give meaning 

to one another, are closer together on an SSA map than pairs 

of factors which have weaker relationships. Based on this 

property, SSA is well-suited to the analysis of the location, 

salience, and integration of the factors in the culture of 

the ISC. 

The location of a factor is seen in its location on an SSA 

map, relative to other factors. SSA presents this 

information in terms of the clustering of variables, just as 

Boston, New York, and Atlantic City would create a cluster of 

east coast cities, while San Francisco, Portland, and Seattle 

would create a cluster of west coast cities. Location, as 

represented by close clustering, evidences strong structural 

relationships among the variables in the cluster. 

Salience, the centrality of a factor, is represented by 

the position of a factor literally in relation to the center 

of the map. The most salient factor resides at or near the 

center of the map. Greater salience means that a factor has 

a more potent influence on the configuration of the map than 

do other factors, just as Chicago has a shorter average 
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distance to all u.s. cities, than does either New York or Los 

Angeles, because Chicago is nearer the center of the country. 

Integration refers to the average strength of the 

relationships among the factors in a learning culture. More 

closely integrated factors have stronger relational bonds 

than do more weakly integrated factors. This is represented 

in SSA by the diameter of the geometric configuration, or the 

range of distances in a map. The factors in a more highly 

integrated learning culture reside, on average, closer to the 

center of the map, than do factors in a less integrated 

environment, which are more widely dispersed. 

Because individual learning factors were included in SSA 

maps, along with environmental factors, SSA was a useful tool 

in a systemic analysis such as this one. The structural 

relationships among these factors were literally seen in the 

SSA presentation. Therefore, SSA is well-suited to the 

systemic analysis of the ISC learning culture because, 

although it is based on correlational data, its presentation 

yields information about the structural relationships among 

variables which could not be gleaned from analysis of a 

correlation table alone. 

In addition to the visual inspection of the SSA maps 

described above, Kendall's W test was used as a statistical 

means of comparing two SSA maps. Kendall's W is a 

nonparametric test of the concordance between two 

distributions of numbers. Its algorithm places a 
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distribution into rank order, then calculates the 

correlation, or concordance, between the ordering of factors 

in one distribution, with the ordering of factors in a second 

distribution. W is reported as a correlation coefficient, 

ranging from zero to one. Therefore, a W statistic 

approaching one indicates high concordance between 

distributions, while a W near zero indicates low concordance 

(high dissimilarity) between distributions. Finally, a CHI2 

goodness-of-fit test was used to test the probability that 

the reported similarity between two distributions was due to 

random influences. Thus, a significant CHI2 evidenced non

random concordance between two SSA maps, while a non

significant test indicated disconcordance between two SSA 

maps. 

Kendall's W seemed to be a nice adjunct to SSA 

examination. Since SSA was based on proximity data, W was 

used to test the relative order of the proximities of each 

factor to all others. Thus, a significant W test meant that 

the rank order of the distances from each factor to all 

others followed predictable patterns from map to map. 

Therefore, this technique could indicate whether students' 

perceptions of the structure of their classroom environment 

changed, or remained similar, following the ISC, in 

comparison to their pre ISC perceptions, for example. While 

this information was useful, it must be noted that W should 

not be interpreted as confirmatory evidence of the 
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similarities between maps: W assessed only the rank order of 

proximities, it could not test possible changes in clustering 

patterns which might have occurred even though the rank order 

of proximities remained highly similar. Nevertheless, W 

served as a useful tool in the analysis of students' 

perceptions of the culture of their science classroom. 
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CHAPTER 3: RESULTS 

In chapter one, three sets of research questions were 

posed which guided this investigation. One set concerned the 

structure of the classroom learning environment in the ISC; 

the second concerned the nature of students' attitudinal 

systems; and the third the interdependencies among the 

cognitive, affective, and environmental factors thought to 

comprise the culture of the ISC. The results of the analyses 

of these sets of questions are reported here and compared to 

the analytic examination of the contents of these factors so 

that the implications of a systemic approach to the culture 

of the science classroom learning environment may be 

discussed in the final chapter of this report. 

Classroom Enyironment 

One major purpose of this investigation was to explore the 

structure of a science classroom learning environment and the 

changes it underwent upon the introduction of the ISC 

curriculum. This was done by com?aring SSA maps of the 

environmental perceptions of groups of students (Gender: male 

versus female; Attitudes: positive versus negative; 

Achievement: high versus low) prior to and following the 

completion of their ISC projects, and by relating these 



structural analyses to differences in the contents of the 

environmental factors. 

Analysis of Enyironment Content 
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To explore changes in the contents of the factors 

hypothesized to constitute the science classroom learning 

environment, I conducted a series of repeated F-tests between 

students' perceptions of their environment prior to and 

following the completion of their ISC projects. These data 

were reported in Table 1. 

Table 1 

Students' Mean Perceptions* of the ISC Environment Contents 

Classroom Atmosphere (CAl Means 

Factor Pre ISC Post ISC Total 

All Students: 5.11a 4.89a 5.00 

Gender: 

Females: 5.28 4.95 5.12 

Males: 4.97 4.84 4.91 

Attitudes: 

Positive: 5.28 5.01 5.15b 

Negative: 4.92 4.72 4.82b 

(Table 1 Continues . . . ) 



Achievement: 

High: 

Low: 

5.20 

5.08 

Sense of Control (SC) Means 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Attitudes: 

Positive: 

Negative: 

Achievement: 

High: 

Low: 

Pre ISC 

4.84 c 

4.79 

4.90 

4.73 

4.95 

4.83 

4.84 

86 

(Table 1 Continued) 

4.92 

4.87 

Post ISC 

3.88 c 

3.78 

3.95 

3.82 

3.87 

3.87 

3.84 

5.06 

4.98 

Total 

4.36 

4.29 

4.43 

4.28 

4.41 

4.35 

4.34 

Student-Student Interactions (SSI) Means 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Attitudes: 

Positive: 

Negative: 

Pre ISC 

5.27 

5.42 

5.15 

5.39 

5.17 

Post ISC 

5.18 

5.25 

5.11 

5.48 

4.95 

Total 

5.23 

5.34 

5.13 

5.44 

5.06 

(Table 1 Continues . . . ) 



Achievement: 

High: 

Low: 

5.46 

5.11 

Task and Actiyity (TA) Means 

Factor Pre ISC 

All Students: 

Gender: 

Females: 

Males: 

Attitudes: 

Positive: 

Negative: 

Achievement: 

High: 

Low: 

4.57 

4.68 

4.48 

4.82 

4.30 

4.78 

4.43 

Teacher Behayior (TB) Means 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Attitudes: 

Positive: 

Negative: 

Pre ISC 

5.59 

5.71 

5.48 

5.74 

5.43 
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5.24 

5.17 

Post ISC 

4.66 

4.79 

4.52 

5.01 

4.30 

4.94 

4.54 

Post ISC 

5.68 

5.79 

5.56 

5.85 

5.51 

5.35 

5.14 

Total 

4.62 

4.74 

4.50 

4.86 

4.49 

Total 

5.64 

5.75 

5.52 

5.80e 

5.47e 

(Table 1 Continues . . . ) 
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(Table 1 Continued) 

Achievement: 

High: 

Low: 

5.60 

5.56 

5.66 

5.65 

Teacher-Student Interactions (TSI) Means 

Factor Pre ISC Post ISC 

All Students: 5.65 5.62 

Gender: 

Females: 5.70 5.67 

Males: 5.61 5.56 

Attitudes: 

Positive: 5.84 5.80 

Negative: 5.51 5.47 

Achievement: 

High: 5.69 5.60 

Low: 5.61 5.64 

* Higher means indicate more favorable scores. 

common superscripts differ at II < .05. 

5.63 

5.61 

Total 

5.64 

5.69 

5.58 

5.82 

5.49 

5.65 

5.63 

Means with 

These analyses revealed interesting findings: First, 

participation in the ISC significantly lowered students' 

evaluations of their classroom atmosphere (CA) , £(1, 188) = 

38.48, II < .001, and their sense of control, (SC), £ (1, 174) 

= 2.67, II < .01. Second, participation in the ISC did not 

account for any other changes in students' perceptions of 
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their classroom environment. Both of these findings 

contrasted sharply with previous research, which generally 

has reported that participation in STS courses improves the 

favorability of students' environmental perceptions (Baba & 

Fraser, 1983; Fisher & Fraser, 1983). Third, students' 

attitudes were significantly related to their perceptions of 

CA [£(1, 174) = 7.61, ~ < .01], the learning tasks and 

activities (TA) [£(1, 184) = 20.99, ~ < .001], and the 

teacher's behavior (TB), £(1, 188) = 4.30, ~ < .05. In each 

case, students' with more positive attitudes also reported 

more favorable perceptions of each of these environmental 

perceptions. Apparently, the value students placed on 

science somewhat colored their perceptions of the mood and 

activities in their classrooms. Fourth, students' 

achievement levels were not found to be related to their 

perceptions of the classroom environment. No other 

significant differences were found. 

These data painted an interesting and somewhat surprising 

picture of students' perceptions of their classroom 

environment. Participation in the ISC had a negative impact 

on students' perceptions of particular aspects of the 

classroom environment. However, this effect was not as 

strong for students who had positive attitudes toward 

science. These findings cast doubt on the claim from prior 

research (DeBoer, 1991; Fraser, 1986) that STS programs 

create a more favorable learning environment for science 
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students. Because of the relationship between attitudes and 

environmental perceptions, these findings highlighted that 

students' background characteristics ought to be considered 

in the design of science programs intended to create a 

positive learning environment. 

Pre ISC Environment Structure 

The first set of research questions concerned the 

structure of the classroom learning environment itself. 

Initially, I conducted SSA on the pretest data to uncover the 

structural relationships among the six factors hypothesized 

to constitute the classroom learning environment. The 

results of this analysis are reported in Figure 2. 
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Figure 2 

SSA Map* of All Students' Pre ISC Classroom Enyironment 
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Several interesting characteristics of the classroom 

environment, prior to the start of the ISC project, emerged 

in this SSA map. First, it was noted that matrix stress 

approached zero (stress = 0.004). Since stress is a measure 
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of the badness-of-fit of the raw observations to the points 

in the final map, this low stress factor indicated that this 

map provided a reliable configuration of the data in two

dimensional space. To the extent that the plot of the 

distances between the points on the map versus the 

disparities between the observed and fitted data formed a 

positive linear function, the map contained little degeneracy 

and was open to further interpretation. This was true of all 

SSA maps reported in this project. 

Second, the clustering of points in the map was minimal. 

Notice that each of the points in the map created an island 

unto itself, except for the factors Teacher Behavior (TB) and 

Teacher - Student Interaction (TSI). The isolation of each 

factor from the others evidenced that students perceived each 

one as a separate facet of the classroom environment. In the 

case of TB and TSI, however, it seemed clear that these 

factors shared some commonality. Notably, this commonality 

had to do with the manner in which the teachers conducted 

themselves in the classroom. Students felt that TSI and TB 

were almost identical aspects of the classroom environment. 

In short, the location of the factors in the classroom 

environment appeared to be quite separate from one another, 

except in the case of TSI and TB. 

Third, the configuration of points in this SSA map 

described what Guttman (1954) defined as a radex model. 

Basically, a radex resembles a pinwheel in two-dimensional 
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space which orders the factors in the map along two 

dimensions: The first dimension relates the factors by their 

degree of similarity or difference. This is shown on the SSA 

map by the radial distance of each point from the center of 

the pinwheel. Factors equidistant from the center show 

greater similarity than factors which are not equidistant. 

The second radex dimension indicates differences of kind. A 

relationship in kind among factors is shown by their location 

on the map in triangular-shaped clusters which originate at 

the center of the map and radiate outward. Thus, a radex 

model allows the analysis of factor similarity in amount and 

kind. 

Figure 2 clearly comprised a radex model structural 

pattern. Student-Student Interactions (SSI) located near the 

center of the pinwheel, while the remaining environmental 

factors roughly formed a circular pattern around the center. 

Differences of degree seemed minimal in this map, given that 

five of the six environmental factors are located roughly 

equidistant from the center of the radex. This implied that 

each of these five factors was equally important in students' 

conceptualization of their classroom learning. environment. 

SSI, however, was at the center of the radex configuration. 

This indicated it was the most salient feature of this map, 

since factors located near the center of a radex have a 

smaller average distance from each other factor, than do 

factors which lie near the periphery of the map. Therefore, 
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prior to the start of the ISC project, students felt that 

their classroom interactions with one another most strongly 

influenced their conceptualizations of the classroom, while 

each of the other factors played similar, but less 

influential roles. 

Additionally, the radex map in figure 2 showed that the 

factors which comprised the classroom environment, although 

relatively equal in dominance or importance in students' 

perceptions, were rather weakly related to each other. Save 

the clear relationship between TB and TSI, distinct wedges of 

factors, radiating outward from the center of the radex, did 

not exist. This suggested that prior to the ISC, students 

did not see a strong relationship between the environmental 

factors: the nature of the task, the classroom atmosphere, 

their sense of control, and the teacher's behavior and 

interaction style. 

The radex map in figure two presented a picture of the 

classroom environment prior to the ISC in which students' 

interactions with each other dominated their perceptions of 

their learning environment. All other factors, although 

similar to each other in importance, were relatively 

unrelated to each other and exerted less of an influence on 

students' perceptions. These data, therefore, moderately 

supported my initial theorizing that the classroom 

environment was comprised of six factors. Each factor 

studied played an equally important role in students' 
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environmental perceptions, excepts TB and TSI, which 

students' saw as a single facet of the environment. 

Students' also felt that SSI contributed the most to the 

overall flavor of their classroom. These overall findings 

provided a useful benchmark for comparison. The comparison 

of this baseline map to others was used as a basis to draw 

conclusions about the research questions I posed concerning 

the classroom learning environment in the ISC. 

One research question concerned differences in student 

groups. Since improving students' achievements in science 

has been a major goal of educators (NSTA, 1982) it was 

important to explore how students who achieved at different 

levels on the pretest science instrument constructed their 

classroom environments. Therefore, scores on the pretest 

science instrument were split at the median. Figure 3 

reported the construction of the environment by the lower 

scoring group, and Figure 4 the higher scoring group. 
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Figure 3 

SSA Map* of Low Achieying Students' Pre ISC Enyironment 
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Figure 4 

SSA Map* of High Achieving Students' Pre ISC Environment 
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Notice that the map of the environment from the lower 

scoring group was extremely similar to the general pretest 

map. In contrast, the environment map of the higher scoring 

group took on a circumflex structure (Guttman, 1954). A 
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circumflex is a circle of factors in which no factor occupies 

the center of the map. This means that high achieving 

students did not feel that their learning environment was 

most strongly characterized by any single factor. This map 

also contained four distinct clusters of factors, all of 

which were more closely integrated than they were in the map 

of the lower achieving students' perceptions. Therefore, the 

higher scoring students felt that their interactions with one 

another (SSI) did not dominant their learning environment. 

Instead, they felt that SSI was roughly equal in importance 

to each of the other factors, and that SSI and CA virtually 

defined each other. Thus, higher achieving students felt 

that their environment was characterized by fewer, equally 

important factors, when compared to the perceptions of lower 

achieving students. Also note the tighter integration in the 

higher scoring students' environment map. This indicated 

that these students perceived the individual environmental 

components to have greater reciprocal influences than did the 

lower scoring students. Finally, despite these differences, 

both of these maps were relatively similar to each other and 

the general pre ISC map, as the significant test of 

concordance indicated (N = .978, CHI 2 (14) = 27.4, ~ < .05). 

Thus, it appeared that the level of achievement students 

attained prior to the ISC made only minor differences in 

their perceptions of the learning environment. 



Improving students' attitudes was a second overarching 

goal of science educators (NSTA, 1982). Thus, it seemed 

worthwhile to compare the perceived environment as 

constructed by those who had the most negative attitudes 

(Figure 5) to those who had the most positive attitudes 
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(Figure 6) at pretest time. Again, this student grouping was 

based on a median split of overall attitude scores prior to 

the start of the ISC project. 
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Figure 5 

SSA Map* of Negative Attitude Students' Pre ISC Enyironment 
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Figure 6 

SSA Map* of positive Attitude Students' Pre ISC Environment 
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Substantial similarity in clustering patterns at pretest 

time was evident in these maps. Again notice the four 

distinct content wedges, and the loosely integrated 

configuration of points, similar to the general pattern at 
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pretest time. These similarities suggested that the 

differential attitudes of students had little to do with how 

they perceived the interdependencies among the factors in 

their classroom environment. 

Yet, some aspects of these maps appeared to differ. One 

obvious difference between these groups is that SSI played 

the dominant, central role among students with more positive 

attitudes, while CA played the central role among students 

with more negative attitudes. Another feature of this 

comparison was that TA was more closely related with the 

other factors in the map of positive attitude students' 

perceptions, than it was in the negative attitude group's 

map. These differences, in fact, were large enough to 

produce substantial discordance (N = .817, ~2(14) = 22.9, II 

> .05). Therefore, at pretest time, differences in students' 

attitudes were related to the ways in which they perceived 

the structure of their classroom learning environment. 

A third comparison was made on the basis of gender, since 

prior research suggested a sex difference in science 

attitudes and achievements (Friedler & Pinchas, 1990) This 

systemic analysis revealed that the environment as perceived 

by females (Figure 7) was virtually identical to the 

environment as perceived by male students (Figure 8) (N = 

.996, ~2(14) = 27.9, II < .05). Once again, the 

similarities in the environmental structures perceived by 

these gender groups dominated their differences; SSI was the 



103 

most central, salient aspect of the environment, and that the 

other factors comprised a circumflex structure around SS1. 

Gender did not make a difference in how a student perceived 

the structure of the classroom learning environment. 

Figure 7 

SSA Map* of Female Students' Pre ISC Classroom Environment 
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Figure 8 

SSA Map* of Male Students' Pre ISC Classroom Environment 
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To summarize the nature of the classroom environment prior 

to the start of the ISC project, based on the SSA maps it 

seemed that most students perceived an environment in which 

SSI played the most central, salient role. The remaining 
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factors were seen as relatively equal in importance (TSI and 

TB; CA; TA; SC). A few structural differences were found 

across different student groups. Most notably, students with 

high achievement and negative attitudes did not perceive SSI 

to playas dominant a role in the construction of the 

environment as did other students, and they perceived their 

environment to be a more loosely integrated configuration of 

factors than did other students. The comparison between the 

high and low attitude groups proved to be substantially 

discordant. Thus, prior to the start of the ISC project, a 

dominant pattern of students' perceptions of the structure of 

the learning environment was found. However, this structure 

was affected somewhat by students attitudes and achievements. 

Post ISC Environment Structure 

While the comparisons between student groups prior to the 

start of the ISC served as a set of interesting baseline 

measures of the constructions of the classroom environment, 

the more significant portion of this study existed in the 

changes in the environment after the conclusion of the ISC 

project. The environmental perceptions of all ISC students 

reported in Figure 9 showed that, in general, they 

constructed their environment differently after they 

completed their ISC projects. 
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Figure 9 

SSA Map* of All Students' Post ISC Classroom Environment 
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The perceived environment after the ISC also took on a 

radex structure. Four discrepancies with the pretest 

structure, however, were readily apparent: First, CA 

replaced SSI as the most central and salient feature of the 
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map. Second, the post ISC environment was more tightly 

integrated than it was prior to the project. Third, SC moved 

much more toward the periphery of the environmental map after 

the conclusion of the ISC project. Fourth, the two remaining 

clusters (TA and SSI; TSI & TB) were more closely integrated 

into the same neighborhood, and opposed to SC, than they were 

prior to the start of the ISC project. The major similarity 

between pre and post ISC analyses was the clustering of 

factors, which remained relatively stable. This comparison 

between students' perceptions of the classroom environment 

before and after the ISC indicated that their perceptions 

were affected by the curriculum. The nonsignificant 

statistical comparison of the distances in these maps, in 

fact, meant that it could not be claimed that students' pre 

and post ISC perceptions were substantially similar (N = 

.844, kBI2 (14) = 23.4, ~ > .05). In contrast with the pre 

ISC environment, students felt that openness (CA) , reciprocal 

influences among factors, but not their control over the 

curriculum best characterized the learning environment 

following the ISC. 

Comparisons between student groups' perceptions of their 

environment after the ISC project served to clarify the 

changed perceptions which students reported. Generally, 

these group comparisons followed a structural pattern very 

similar to the one obtained in the post ISC general 

environment SSA map. 
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The comparison of low scoring students (Figure 10) with 

high scoring students (Figure 11) on the science achievement 

test after the completion of the 1SC project revealed few 

substantial differences in their environmental perceptions. 

The major difference was that high achieving students saw the 

1SC task (TA) to be much more closely related to their 

interactions with one another (SS1) than did the lower 

achieving students. This made intuitive sense, given the 

emphasis on collaboration inherent in the 1SC curriculum. 
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Figure 10 

SSA Map* of Lower Achieving Students' Post ISC Environment 
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Figure 11 

SSA Map* of Higher Achieving Students' Post ISC Environment 
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Beyond this difference, the most striking aspect of these 

two maps was their similarity with the general post ISC 

environmental map, hence, their differences with the 

perceptions of low and high achieving students at pretest 
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time. Notably, CA replaced SSI as the most central feature 

in the map. Students' sense of control (SC) again became the 

most peripheral aspect of the environment, and both post ISC 

maps were more tightly integrated than they were before the 

start of the project. Therefore, it seemed that changes in 

the curriculum itself had far greater impact on students' 

perceptions of the classroom environment than did differences 

in students' levels of achievement. The degree of 

concordance between these two post ISC maps was statistically 

significant (N = .971, CHI 2 (14) = 27.1, 2 < .05), which meant 

that the structures of high and low achieving students were 

similar following the ISC. Instead, both of these maps 

showed the effects of the ISC curriculum through their 

similarity with the general post ISC map. 

Differences in the environmental perceptions students with 

less favorable attitudes (Figure 12) versus students with 

more favorable attitudes (Figure 13) also reflected the 

trends in the general post ISC analysis. The perceptions of 

students who had favorable attitudes almost perfectly 

mirrored the general post ISC analysis: CA became the most 

salient feature of the map. SC moved more toward the 

periphery. Too, the environment was more tightly integrated 

following the ISC project. Students who had less favorable 

attitudes reported similar perceptions, expect that CA, 

although remaining the most salient feature of the 
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environment, was located within a cluster of other factors 

rather than at the absolute center of the map. 

These comparisons based on students' attitudes again 

reflected more the influence of the ISC project, rather than 

students' attitudes. The comparison of these post ISC maps 

with each other showed significant concordance (N = .953, 

~2(14) = 26.7, ~ < .05), as did the comparison of the 

positive attitude group's pre and post ISC maps (N = .969, 

~2(14) = 27.1, ~ < .05). However, the comparison of the 

negative attitude group's maps at time 1 and time 2 revealed 

that their perceptions of the classroom environment structure 

changed substantially (N = .783, CHI 2 (14) = 21.9, ~ > .05). 

This meant that the environmental perceptions of students 

with negative attitudes were most affected by participation 

in the ISC. Through participation in the ISC, their 

perceptions of the classroom environment were modified such 

that they more closely matched the perceptions of students 

with positive attitudes. 



113 

Figure 12 

SSA Map* of Negatjve Attitude Students' Post ISC Environment 
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Figure 13 

SSA Map* of positive Attitude Students' Post ISC Environment 
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The final environmental analysis of group differences was 

based on gender. The environmental perceptions of female 

(Figure 14) and male (Figure 15) students again reflected the 

structural patterns noted in the general post ISC analysis. 
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These similarities with the general post ISC trends appeared 

to outweigh the reported gender difference, which was that 

males perceived CA to be slightly less central to the 

environment than did females. Despite this minor 

discrepancy, CA remained the most salient feature of males' 

and females' environmental perceptions following the 

completion of their ISC projects. On this basis, it appeared 

that curriculum changes were more important than gender 

differences in students' perceptions of the classroom 

environment following the ISC. The comparison of these 

gender group maps following the ISC revealed statistically 

significant concordance (N = .955, CHl2 (14) = 26.7, ~ < .05) .. 

This high degree of concordance meant that males and females 

perceptions of the structure of the classroom environment 

were statistically isomorphic. 
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Figure 14 

SSA Map* of Female Students' Post ISC Classroom Enyironment 
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Figure 15 

SSA Map* of Male Students' Post ISC Classroom Environment 
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Enyironmental Research Questions 

Qn the basis of these comparisons of students' 

environmental perceptions, several responses to the 

environmental research questions were in order. The first 

research question asked, ~What is the structure of the 

classroom learning environment in the ISC?" Looking across 

the environmental SSA maps, a few general trends emerged. 

Most notably, students saw a cluster of distinct but strongly 

related factors relating to their teacher's actions in the 

classroom: teacher'S teaching behavior (TB), and teacher and 

student interactions (TSI). As one would intuitively expect, 

these factors clustered together, regardless of the 

curriculum or student groupings explored. The remaining 

factors tended to reside in distinct areas of the map, 

regardless of which student group comparison was made. This 

consistency across environmental maps has made it possible to 

speak of a consistent science learning environment in the 

ISC. For the most part, students' perceptions of the 

structural configuration of environmental factors were stable 

and comprehensible. Because these patterns change in 

relation to the curriculum, and to a lesser extent, students' 

attitudes, the classroom environment must be discussed in 

reference to these factors. The specific effects of these 



factors on the configuration of the classroom environment 

will be discussed below. 
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The second research question asked, "Do the hypothesized 

environmental factors all play a role in students' 

construction of the classroom environment?" Although it is 

logically impossible to answer this question definitively on 

the basis of a descriptive study, the SSA maps reported in 

this study provided solid correlational evidence to answer 

this question affirmatively. Differences in the salience and 

location of the individual factors across some of the student 

groupings, and prior to and following the ISC curriculum, did 

suggest that the individual factors changed in relative 

importance across the different comparisons. This suggested, 

by implication, that each factor was important to students' 

perceptions of their learning environment. An unimportant 

factor would remain un integrated with the others, and 

invariant in absolute location, if it was not related to 

students' perceptions of the remaining environmental factors. 

This was not the case with any of the factors in this study. 

At pretest time, then again following the completion of the 

ISC, most of the factors remained relatively equidistant from 

the center of the map. This indicated the relative equality 

in importance of each of the factors in students' perceptions 

of their learning environment. 

The SC factor was an interesting example of this finding. 

Across all comparisons, it had the smallest influence on 
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students' perceptions of the classroom environment structure. 

The fact that SC was always the most peripherally located 

factor on the SSA maps evidenced this. However, it cannot be 

said that SC was unimportant in any absolute sense: Even 

though it was most peripheral at time 1, SC was approximately 

equidistant from the origin of each map with the remaining 

factors. Thus, the absolute location of SC did suggest that, 

1) relative to other factors it played the smallest role in 

students' environmental perceptions, and 2) following the ISC 

students' were even less influenced by SC. Therefore, to the 

extent that the location of SC changed, students' felt that 

it did contribute to their environmental perceptions, but 

less so that did the other fac~ors in the classroom. 

The third research question asked, ~Do differences in 

student characteristics affect the ways in which they 

perceive the structure of the ISC environment?" These data 

suggested that student characteristics did affect the 

construction of the learning environment, but only minimally. 

Prior to the ISC, there were differences in the most central 

factor between high and low achieving students, and students 

with more versus less favorable attitudes. Only the 

comparison based on attitudes, however, showed substantial 

statistical discordance: Students with negative attitudes 

felt that CA was the most salient aspect of the classroom 

environment. Yet the clustering of factors across these 

groups remained relatively stable and unbroken across all 
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maps of students' perceptions. Following the completion of 

the ISC, there were differences in the amount of integration 

in the maps between groups of students who differed in 

achievement, attitudes, and gender. As previously noted, 

however, these differences seemed to be overshadowed by the 

similarities in clustering and pattern across the 

environmental maps. None of these student group comparisons 

at time 2, however, showed substantial statistical 

discordance. Thus, there was a significant, nonrandom, 

probability that the perceptions of these students were 

identical following the ISC. In this light, the construction 

of the classroom learning environment seemed to be more a 

product of the consensual and negotiated perceptions of the 

students, rather than a result of their differences 

achievement, attitudes, and gender. 

The fourth environmental research question asked, "Does 

the structure of the learning environment change following 

the completion of the ISC project?" This pre - post 

comparison revealed the most striking and comprehensible 

changes in students' perceptions of their classroom 

environment. Following the ISC, students found CA to be the 

most salient feature of the environment, the factors to be 

more tightly integrated, SC to be more peripheral, and TA to 

cluster more closely with the other factors, in contrast with 

their perceptions prior to the ISC. This difference in 

environmental structure was statistically supported by the 
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discordance between the maps of all students' perceptions at 

time 1 and time 2, and also by the similarity in group 

perceptions within the pretest, and then again within the 

post-test comparisons. Clearly, the implementation of the 

ISC project changed students' perceptions of their science 

classroom learning environment. The examination of the SSA 

maps and the statistical tests of their concordance showed 

that students felt that environment was more strongly 

characterized by CA, less flavored by SC, and more tightly 

integrated following the ISC, in contrast to what they 

perceived at the start of the semester. 

The final environmental research question sought a 

comparison between the analytic and systemic analyses of the 

classroom learning environment. The analyses reported here 

indicated that the systemic analysis of the classroom 

environment complements and extends the analytic data. 

First, the analytic data revealed that students' ratings of 

CA and SC diminished after the ISC project. The analytic 

data, however, did not demonstrate the changed role of these 

factors in students' construction of their environment. 

Although students' sense of control was lower after the ISC, 

it also played a more minor role in students' perceptions of 

their environment, as indicated in the systemic analyses. 

Further, while students' perceptions of CA diminished 

following the ISC, it actually played a more central and 

salient role in the perceptual definition of the learning 
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environment. Thus, on the basis of the analytic data alone, 

one might conclude that the ISC had a marginally negative 

effect on two of the six environmental factors. Furthermore, 

the contents of students' environmental perceptions were 

influenced just as much by their pre-existing attitudes, as 

by the ISC curriculum. 

It is only in reference to the systemic analysis of the 

data that it was realized that the ISC changed the system of 

interdependencies which constituted the classroom learning 

environment. After the ISC, students felt that each 

classroom factor contributed more to the meaning of all other 

(save SC), than they did prior to the ISC. In other words, 

the role and weight of each factor in the classroom 

environment changed. This, however, was not apparent in the 

analysis of the contents of these factors. Therefore, the 

systemic analysis of added evidence about the meanings 

students attached to the factors in their environment, to the 

evidence about changes in the contents of those factors. 

Second, the systemic analyses revealed changes in the 

learning environment which were not at all evident in the 

analytic data. For example, only the analysis of the SSA 

maps showed that SSI played a less salient role in students' 

construction of the environment and that the environmental 

factors in general were more closely integrated and 

interdependent following the completion of the ISC project. 

Such significant changes in students' perceptions could not 
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be gleaned from the analysis of the analytic data alone. It 

was only by inspecting the SSA maps that a strong and 

significant change in the salience of this factor was 

evident. 

Third, the systemic approach uncovered important patterns 

in students' perceptions which would not manifest themselves 

in other types of analytic correlational methods, such as 

factor or cluster analysis. Notably, the systemic analysis 

of SSA maps clearly indicated a radex structur2 among the 

environmental factors. While the analytic techniques would 

reveal the grouping or clustering among factors, they would 

not indicate the system of interdependencies between the 

clusters. Factor loadings, commonalities, and correlation 

matrices do not contain evidence of differences in degree of 

importance each grouping of factors plays as it radiates 

outward from the center of the radex structure. The analytic 

approaches reduces the number of dimensions studied and does 

not account for the reciprocal influence and simultaneity of 

impact among these dimensions, when compared to their 

systemic investigation (Snowet al., 1984). Clearly, this 

systemic approach to the classroom learning environment 

offered much valuable information not contained in an 

analytic investigation. 
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Student Attitudes 

A second focus of this project was to explore changes in 

students' attitudinal systems following the implementation of 

the ISC project. Again, this was conducted by examining SSA 

maps of students' attitudes prior to and following the 

completion of their ISC projects. These results were 

compared with changes in the contents of students' attitudes 

so that potential contributions of the systemic approach 

could be discussed. 

Analysis of Attitudinal Content 

Changes in the contents students' attitudes toward science 

and science learning were explored in a series of repeated F

tests. These results were reported in Table 2. 
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Table 2 

Comparisons of Students' Mean Attitudinal Contents* 

Science Career (AC) Means 

Factor Pre ISC Post ISC Total 

All Students: 4.56 4.64 4.60 

Gender: 

Females: 4.40 4.44 4.42 

Males: 4.16 4.81 4.49 

Achievement: 

High: 5.07 5.13 5.10 

Low: 4.34 4.46 4.40 

Science Hobbies (AH) Means 

Factor Pre ISC Post ISC Total 

All Students: 3.61 3.63 3.62 

Gender: 

Females: 3.22 3.17 3.20a 

Males: 4.01 4.02 4.01 a 

Achievement: 

High: 4.31 4.13 4.22 

Low: 3.33 3.44 3.44 

Nature of Science (ANS) Means 

Factor Pre ISC Post ISC Total 

All Students: 5.04 4.96 5.00 

(Table 2 Continues . . . ) 



Gender: 

Females: 

Males: 

Achievement: 

High: 

Low: 

4.93 

5.14 

5.34 

4.88 

Attitudes of Peers (AP) Means 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Achievement: 

High: 

Low: 

Pre ISC 

3.58b 

3.63 

3.56 

3.92 

3.47 

Professional Scientists (AS) Means 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Achievement: 

High: 

Low: 

Pre ISC 

3.99c 

3.72 

4.14 
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(Table 2 Continued) 

4.96 

4.92 

5.13 

4.89 

Post ISC 

3.75b 

3.74 

3.81 

4.08 

3.59 

Post ISC 

5.54 c 

5.80ef 

5.22 f 

5.72 

5.42 

4.95 

5.03 

5.24 

4.89 

Total 

3.67 

3.69 

3.68 

4.00 

3.53 

Total 

4.77 

4.72 

4.78 

(Table 2 Continues . . . ) 
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(Table 2 Continued) 

Studying Science (ASS) Means 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Achievement: 

High: 

Low: 

Pre ISC 

4.79 

4.66 

4.96 

5.27 

4.52 

Social Value of Science (ASV) Means 

Factor Pre ISC 

All Students: 3.18 

Gender: 

Females: 2.98 

Males: 3.32 

Achievement: 

High: 2.74 

Low: 3.40 

Post ISC 

4.76 

4.61 

4.S6 

5.0S 

4.58 

Post ISC 

5.0S 

5.15 

4.96 

5.38 

4.99 

* Higher means indicate more favorable scores. 

common superscripts differ at ~ < .05. 

Total 

4.78 

4.64 

4.91 

5.12 

4.55 

Total 

4.13 

4.07 

4.14 

4.06 

4.20 

Means with 

The pattern of means revealed in the F-tests showed that 

students generally had more favorable attitudes toward 

science after they participated in the ISC project. Mean 
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increases in favorability on two specific attitudes were 

significantly different: attitudes of peers (AP) £(1, 206) = 

4.30, n < .05, and attitudes toward professional scientists 

(AS) £(1, 204) = 129.52, n < .001. These findings were 

consistent with previous studies which have generally 

reported that participation in STS courses has improved 

students' attitudes toward some aspects of science, but not 

all, and not in any coherent pattern from classroom to 

classroom (Fraser, 1982; Germann, 1988). 

Two gender differences in attitudes also were found: 

Males reported significantly more favorable attitudes toward 

science hobbies (AH) than did females, £(1, 206) = 6.15, n < 

.05. This finding could be expected on the basis of previous 

research which has shown have more science experiences, and 

enjoy those experiences, more than females (Kahle et al., 

1985). In contrast with previous research (Mason & Kahle, 

1988) females reported more favorable attitudes toward 

professional scientists (AS) than did males, F(l, 204) = 

4.25, n < .05. The interaction between gender and time of 

observation was also significant such that females reported 

the lowest evaluations of scientists before the ISC, but the 

highest evaluation following the ISC, £(1, 204) = 129.52, n < 

.001. No other significant effects were found. 
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Pre ISC Attitude Structures 

The investigator explored SSA maps of the relationships 

among seven of students' attitudes toward science and science 

learning prior to their participation in the ISC curriculum. 

The general map of these student attitudes was reported in 

Figure 16. 

The analysis reported in Figure 16 showed that students' 

attitudes took on a circumflex structure, with no single 

attitude central to the map. Three clusters of attitudes 

were apparent: The first was comprised of attitudes toward 

science careers (AC) , attitudes toward studying science 

(ASS), and attitudes toward the nature of science (ANS); the 

second, perceptions of peers' attitudes (AP) and attitudes 

toward science hobbies (AH); and the third, attitudes toward 

the social value of science (ASV) and attitudes toward 

scientists themselves (AS). Although other interpretations 

were possible, it seemed that these clusters could be 

reasonably described as: 1) personal involvement with science 

in school, 2) personal involvement with science outside of 

school, and 3) professional science. Additionally, the 

location of each of the factors on the map was located 

approximately at one of two radial distances from the origin 

of the map. Thus, each cluster had a dominant factor. The 

personal involvement in school cluster was dominated by ASS; 
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involvement outside school AH; and the professional science 

cluster by AS. This snapshot of students' attitudes toward 

science prior to the start of the ISC served as a baseline 

for comparison with other SSA maps of students' attitudes. 

Figure 16 

SSA Map* of All Students' Pre ISC Attitudes 
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Because of the association between students' attitudes and 

achievements in science posited in the analytic literature, 

the attitudinal structures of low achieving (Figure 17) 

versus high achieving students (Figure 18) were compared. 

These analyses indicated only minor discrepancies from each 

other, and the general map of students' attitudes prior to 

the start of the ISC project. First, the clustering of 

attitudinal factors in each SSA map was nearly identical [the 

rotation of clusters is meaningless in SSA because the 

procedure is based solely on mathematical similarities and 

differences in distances (Kruskal & Wish, 1983)]. Further, 

dominance within each cluster, as well as the integration of 

factors also remained stable. The only discrepancies between 

these maps were that high achieving students reported greater 

interdependencies with the "involvement in school" cluster, 

while lower achieving students reported greater 

interdependencies among the "involvement outside school" 

cluster. This may have indicated a tendency for higher 

achieving students to have had better developed and more 

complex schemata for in-school scenarios, than did lower 

achieving students. Nevertheless, it appeared that 

attitudinal differences between differentially achieving 

student groups were minimal. These maps proved to be 

significantly concordant (N = .945, CHl2(20) = 37.8, n < 
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.01), which meant that the attitudinal schemata reflected in 

each of these maps were similar. 

Figure 17 

SSA Map* of Lower Achieving Students' Pre ISC Attitudes 
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Figure 18 

SSA Map* of Higher Achieving Students' Pre ISC Attitudes 
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Again because of the hypothesized differences in the 

attitudes of female (Figure 19) and male (Figure 20) students 

within the analytic literature, differences in the structures 

of their attitudinal systems were explored. It was the 
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similarity between these maps, rather than the difference, 

however, that was most striking. Notice that the clustering 

of factors was virtually identical between the two SSA maps, 

and that this pattern was extremely similar to the g~neral 

SSA attitude map of all students in Figure 16. The only 

apparent difference was that males tended to perceive the 

"involvement in school" cluster as more tightly integrated, 

while females saw the "outside school" cluster more tightly 

integrated. This might have reflected the finding from past 

research that males have more science-related experiences 

than females (Kahle et al., 1985). Therefore, very little 

difference in the attitude structures of male and female 

students was found prior to the start of the ISC. These maps 

exhibited statistically significant concordance (N = .944, 

~2(20) = 37.7, ~ < .01), which evidenced that the 

attitudinal schemata of males and females were nonrandomly, 

and highly similar. 
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Figure 19 

SSA Map* of Female Students' Pre ISC Attitudes 
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Figure 20 

SSA Map* of Male Students' Pre ISC Attitudes 
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Post ISC Attitude Structures 

After completing the ISC project, the structure of 

students' attitudes toward science appeared to change 

substantially from their pre ISC attitudinal structure, as 

Figure 21 demonstrated. Post ISC, students' attitudes 

adopted a radex structure, with their attitudes toward 

studying science (ASS) occupying the central location in the 

map. Thus, ASS dominated the structure of the entire map, 

rather than only the "involvement in school" cluster, as it 

did prior to the start of the ISC. 
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Figure 21 

SSA Map* of All Students' Post ISC Attitudes 
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Further, the clustering of factors changed from the pre 

ISC analysis: 1) Since ASS occupied the central location in 

the map following the completion of the ISC, it moved from 

its location squarely within the "involvement in school" 
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cluster, to a middle position within the "involvement in 

school" cluster and the "professional science" cluster. 2) 

AH became located much farther away from AP than it was prior 

to the start of the ISC, and moved much closer to AC. 3) ANS 

moved across the map, away from the "personal involvement in 

school" cluster, into the "professional science" cluster. 

ANS also moved toward the center of the map, in contrast with 

its somewhat peripheral location, prior to the ISC. 4) The 

overall integration of each of the individual clusters, and 

the entire attitudinal structure of the map became much 

closer following the ISC, save the AP factor, which moved in 

isolation toward the periphery of the attitudinal structure. 

Together, the discrepancies between the pre and post ISC 

attitudinal maps were quite substantial. What was a 

circumflex without a dominant factor, become clearly 

dominated by students attitudes toward studying science 

(ASS). The elements of each cluster changed. The map became 

more closely integrated. Additionally, this radex structure 

contains within it, a simplex (Guttman, 1954), or 

unidimensional ordering of factors. This is indicated by the 

straight line structure that runs from AS through ASS at the 

center of the map, to AH on the other side. Clearly, the 

structure made up of three distinct clusters prior to the ISC 

was transformed into two overlapping clusters of attitudes 

toward science. The simplex structure could be characterized 

as a continuum of involvement radiating from the center 
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outward, from high to low. On the leftmost edge, near AS, 

the simplex passes through a cluster of "professional 

science" attitudes, while at the opposite edge near AH the 

simplex moves through a "personal involvement with science" 

cluster. 

Finally, AP became more isolated from the rest of the 

attitudinal factors, and almost perfectly orthogonal the 

simplex structure. This analysis made sense, since peers' 

attitudes have little to do with personal involvement with 

science. Clearly, participation in the ISC project made a 

substantial impact on students' attitudes toward science and 

its study. The comparison of the pre versus post SSA maps of 

all students' attitudinal structures showed substantial 

discordance (N = .696, CHI 2 (20) = 27.8, n > .05). Thus, it 

could not be claimed that students' attitudinal schema 

following the ISC were structurally similar to their schema 

prior to their participation in the project. 

The changes in students' attitude structure following the 

ISC was further supported by comparing the attitudes of low 

achieving (Figure 22) versus high achieving (Figure 23) 

students. Both of these maps very closely matched the 

structural pattern found in the general post ISC analysis. 

The only difference in these maps was that lower achieving 

students perceived a more loosely integrated attitudinal 

structure, while higher achieving students' reported a more 

tightly integrated structure in comparison with each other 
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and the general post ISC map. This makes sense, given the 

emphasis of the ISC teachers on the authenticity of the 

curriculum. Students who achieved better saw a closer 

relationship between what they were accomplishing in the ISC 

and what professional scientists do, than did lower achieving 

students. High achieving students had more integratively 

complex attitudinal schemata to process scientific stimuli. 

The statistical comparison of both maps at post-test time 

showed significant concordance with each other (N = .972, 

CHI 2 (20) = 38.8, ~ < .01). However, the comparison of each 

of these post ISC maps with its pre ISC counterpart evidenced 

substantial discordance: lower achieving students: (N = 

.753, CHI 2 (20) = 30.1, ~ > .05), higher achieving students: 

(N = .653, CHI 2 (20) = 26.1, ~ > .05). Therefore, students' 

attitudinal schema were not based on their abilities to 

achieve. Rather, they were affected by their participation 

in the ISC. 
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Figure 22 

SSA Map* of Lower Achieving Students' Post ISC Attitudes 
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Figure 23 

SSA Map* of Higher Achieving Students' Post ISC Attitudes 
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The comparison of the attitude structure of female (Figure 

24) and male (Figure 25) students following the ISC also 

supported the general pattern of structural changes. Both 

maps contained the overall clustering and simplex within 
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radex pattern found in the general post ISC attitude 

analysis. The major difference between males and females 

also was integration, with females perceiving a more tightly 

integrated pattern than males. Therefore, it appeared that 

changes in the science curriculum were more strongly related 

to differences in students' attitudes, than were differences 

in students themselves. The statistical comparison of both _ 

maps at post-test time showed significant concordance with 

each other (N = .967, ~2(20) = 38.7, ~ < .01). However, 

the comparison of each of these post ISC maps with its pre 

ISC counterpart evidenced substantial discordance: females: 

(N = .716, CHI 2 (20) = 28.6, ~ > .05), males: (N = .684, 

~2(20) = 27.3, ~ > .05). Once again, therefore, it was the 

ISC curriculum which affected students' attitudinal schemata, 

not their gender. 
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Figure 24 

SSA Map* of Female Students' Post ISC Attitudes 
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Figure 25 

SSA Map* of Male Students' Post ISC Attitudes 
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Attitude Research Questions 

The first attitudinal research question asked, "What is 

the structure of students' attitudinal systems in the ISC?" 

Prior to the start of the project, students' attitudinal 

systems were best described as a loosely integrated 

circumflex of three distinct clusters of attitudes, with 

nothing central to the structure. This general structural 

pattern remained relatively stable, despite differences in 

student characteristics, prior to the ISC project. 

The second attitudinal research question asked, "Do 

differences in students' characteristics affect their 

attitudinal structures?" For the most part, the answer to 

this question was, "no." Within the pre and post ISC 

analyses, comparisons of students attitudinal structures 

based on gender and achievement exhibited relatively minor 

differences, when compared with each other, and their 

respective general pre and post analyses. The differences 

which did obtain were limited strictly to the degree of 

integration within a cluster of attitudes. All student group 

comparisons within the pretest, and within the post-test, 

showed statistically significant concordance. Therefore, any 

differences in student attitude structures related to 
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students' characteristics were overshadowed by the tendency 

of each group's map to resemble the general pre and post ISC 

attitude structures. 

The third research question asked whether, ~students' pre 

ISC attitudinal structure changed following their completion 

of the ISC project?" The pre versus post structural analyses 

revealed substantial changes following the ISC project. Each 

pre versus post SSA map comparison showed substantial 

discordance. The content of the clusters changed. Each 

cluster and the overall map became more tightly integrated. 

ASS became the central attitude in the map. And, a simplex 

dimension, clearly identifiable as ~degree of involvement" 

emerged, bounded by personal and professional science at 

either pole. Therefore, it was clear that participation in 

the ISC project radically altered students' attitude 

structures. 

The final attitudinal research question sought to compare 

changes in the structure of students' attitudes with changes 

in the contents of their attitudes. The differences between 

the content versus structural changes were substantial. 

Content changes were minimal: Only students' attitudes 

toward scientists (AS), and their attitudes to~ard the social 

value of science (ASV) improved following participation in 

the ISC. 

These content findings were extended and complemented 

through the examination of the systemic data. Virtually all 
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of the structural interdependencies relating students' 

attitudes changed following the ISC, as the comparison of the 

SSA maps presented in Figure 16 and Figure 21 demonstrated. 

By exploring both the content and structure of students' 

attitudes, a more complete picture of the effects of the ISC 

emerged. Generally, the content data showed that 

participation in the ISC made aspects of students' attitudes 

toward science more favorable. The structural data evidenced 

that students' attitudes were organized around their 

perceptions of the personal relevance of the stimuli, and 

their degree of involvement. This makes sense, given the 

emphasis of the ISC teachers on situating the study of 

science in the context of its application to personal and 

social problems. Yet, this important aspect of an STS 

curriculum could not have been uncovered on the basis of the 

analytic data, alone. Thus, the systemic analysis of the 

role of attitudes in science education appeared, in these 

data at least, to complement and extend its analytic study. 

Classroom Culture 

The third major focus of this project was to explore the 

system of interdependencies among the cognitive, affective, 

and environmental factors which, at least in part, 

constituted the culture of the science classroom learning 

environment. In addition to the environmental and 
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attitudinal factors already examined, students' proclivity to 

be mindfully engaged, and their perceptions of self-efficacy 

studying science, were explored analytically and 

systematically. 

Analysis of Cultural Content 

Changes in the cultural contents of the ISC were explored 

in a series of repeated F-tests. The results of the tests 

conducted on the environmental and attitudinal factors were 

reported previously. The remaining results were reported in 

Table 3. 



Table 3 

Students' Mean Ratings* of the Contents of the 

ISC Classroom Learning Culture 

Mindful Effort (ME) 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Attitudes: 

Positive: 

Negative: 

Achievement: 

High: 

Low: 

Mindfulness-Erefer 

FactQr 

All Students: 

Gender: 

Females: 

Males: 

Means 

Pre ISC 

4.39 

4.35 

4.41 

4.66 

4.19 

4.55 

4.28 

CQmI21e~it~ (MEC) 

Ere ISC 

4.51 

4.40 

4.62 

Post ISC 

4.33 

4.35 

4.29 

4.68 

4.11 

4.49 

4.28 

Means 

EQst ISC 

4.60 

4.60 

4.57 

Total 

4.36 

4.35 

4.35 

4.67 a 

4.15a 

4.52 

4.28 

TQtal 

4.56 

4.50 

4.60 
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(Table 3 Continues . . . ) 
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(Table 3 Continued) 

Attitudes: 

Positive: 

Negative: 

Achievement: 

High: 

Low: 

4.92 

4.15 

4.68 

4.43 

4.98 

4.31 

4.80 

4.47 

4.74 

4.45 

Perceived Self-Efficacy-Computers (EC) Means 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Attitudes: 

Positive: 

Negative: 

Achievement: 

High: 

Low: 

Pre ISC 

3.51 

3.45 

3.56 

3.41 

3.57 

3.52 

3.46 

Post ISC 

3.77 

3.69 

3.82 

3.75 

3.87 

3.85 

3.67 

Total 

3.64 

3.57 

3.69 

3.58 

3.72 

3.69 

3.57 

Perceived Self-Efficacy-Information Gathering (EIG) Means 

Factor Pre ISC Post ISC Total 

All Students: 

Gender: 

Females: 

Males: 

4.23 

4.21 

4.27 

4.34 

4.52 

4.17 

4.29 

4.37 

4.22 

(Table 3 Continues . . . ) 



Attitudes: 

Positive: 4.29 

Negative: 4.24 

Achievement: 

High: 4.29 

Low: 4.18 

Perceived Self-Efficacy-Scientific 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Attitudes: 

Positive: 

Negative: 

Achievement: 

High: 

Low: 

G1Qbal Attitude 

FactQr 

All Students: 

Gender: 

Females: 

Males: 

mIlD) 

Pre ISC 

3.38 

3.21 

3.55 

3.67 

3.14 

3.63 

3.25 

Means 

Pre ISC 

129.4d 

123.3e g 

135.2 f 
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4.29 4.29 

4.41 4.33 

4.39 4.35 

4.30 4.24 

Thinking (EST) Means 

Post ISC 

3.61 

3.61 

3.60 

3.81 

3.40 

3.79 

3.47 

PQst ISC 

141.6d 

138.3e 

143.7 f g 

Total 

3.50 

3.41 

3.57 

3.74c 

3.27c 

3.71 

3.36 

TQtal 

135.5 

130.8 

139.5 

(Table 3 Continues . . . ) 



Achievement: 

High: 

Low: 

Achieyement (ACH) Means 

Factor 

All Students: 

Gender: 

Females: 

Males: 

Attitudes: 

Positive: 

Negative: 

137.2h 

125.8 i j 

Pre ISC 

.68k 

.68 

.70 

.72 

.68 
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152.2h j 

136.4 i 

Post ISC 

.73k 

.75 

.72 

.77 

.73 

145.6 

131.1 

Total 

.71 

.72 

.71 

.75 

.71 

* Higher means indicate more favorable scores. Means with 

common superscripts differ at n < .05. 

Unexpectedly, the ISC curriculum was not found to have any 

effect on students' cognitive perceptions of their classroom 

culture: Their mindful engagement and perceived self

efficacy did not increase significantly through participation 

in the ISC. However, students' attitudes did affect their 

mindful effort expenditure (ME), £(1, 178) = 7.20, n < .01, 

their preference for complex tasks (MPC), £(1, 172) = 4.49, n 

< .05, and their perceived self-efficacy to engage in 

scientific thinking (EST), £(1, 176) = 9.19, n < .01. In 
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each case, students with positive attitudes reported more 

favorable scores on each cognitive factor tha~ did their 

counterparts with negative attitudes. No other significant 

cognitive effects were found. 

Participation in the ISC, however, created a significant, 

positive effect on students' global attitudes toward science, 

£(1, 172) = 68.06, ~ < .001, and their achievements on a 

science test, £(1, 180) = 6.41, ~ < .05. The increase in the 

positivity of students' attitudes was mediated by gender, 

£(1, 172) = 7.46, ~ < .01, in which the increase in 

positivity was more pronounced for males; and by achievement, 

£(1, 172) = 5.27, ~ < .05, in which the effect was more 

pronounced among students who achieved at higher levels. The 

fact that achievement level influenced attitudes, but not 

vice versa, suggested that students attributed their 

attitudes on the basis of what they achieved in the ISC. 

This finding was contrary to the attitude-behavior 

relationship posited in previous research (Fraser, 1982; 

Germann, 1988). 

Pre ISC Classroom Culture 

Prior to the start of the ISC project, the SSA map of 

students' perceptions of their classroom learning culture 

took on a radex structure, as indicated in Figure 26. This 

structure was centered by a small cluster of factors anchored 
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by the mindfulness variables ME and MPC. Additionally, this 

central cluster included the environmental factor TA, and the 

self-efficacy component, EIG. Thus, it seemed apparent that 

the most dominant aspect of students' perceptions of the 

classroom culture prior to the ISC concerned their beliefs 

about the activities which would transpire in their science 

studies: the nature of the task itself (TA) , students' 

tendencies to be mindfully engaged in the task (ME and MPC), 

and students' perceptions' of their ability to gather 

information to complete the task (EIG). 



158 

Figure 26 

SSA Map* of All Students' Pre ISC Classroom Learning Culture 
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Emanating from the center of the radex in a counter-

clockwise direction were five wedge-shaped clusters of 

factors: 1) an environmental cluster, 2) a professional 
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science attitudes cluster, 3) a perceived self-efficacy 

cluster, 4) an involvement with science outside school 

attitudes cluster, and 5) an involvement with science in 

school attitudes cluster. Notice that each cluster remained 

relatively isolated from the other groupings, and that the 

environmental and attitudinal factors adopted similar 

groupings to those reported in their individual analyses, 

reported previously. Further note that none of the 

attitudinal variables played a dominant role in the 

definition of the classroom culture prior to the start of the 

ISC. Thus, the picture of the classroom science learning 

culture that emerged before the ISC was one in which students 

perceived little interplay among the various aspects of their 

classroom, and also one which was dominated by students' 

perceptions of the learning task itself. 

Interestingly, the science achievement factor (ACH) , was 

not well integrated into the classroom culture prior to the 

ISC. ACH was so far removed from the other factors that the 

decision was made, for the purpose of maintaining the 

readability of the figures, to not extend the map far enough 

to locate ACH within the confines of the grid. This was, in 

fact, true of all SSA maps of students' perceptions of the 

classroom culture. Instead, the location of ACH has been 

reported by listing its map coordinated next to its symbol in 

the legend of each map. 
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In terms of the substantive findings regarding ACH, its 

relatively distant location meant that it was a relatively 

weak influence on students' perceptions of the classroom 

culture. While this may have appeared to be a serendipitous 

finding, it must be noted that the ISC was designed to 

emphasize the application and relevance of science to 

personal and social problems, not the mastery of a body of 

scientific knowledge. Had ACH been closely integrated into 

the classroom culture, it would have meant that students' 

achievements in science strongly influenced their views about 

its nature and study. Instead, ACH was not proximally 

located. This meant that students' felt that the conditions 

in which they used science and evaluated its processes and 

products influenced their perceptions of the classroom 

culture. This was consistent with what one would expect from 

participation in a curriculum which stressed the authentic 

application of science to relevant social problems. 

It also must be noted that the location of ACH changed 

from map to map. This evidenced that ACH shared some 

relationship with the ISC culture, albeit a weak one. 

Because ACH was the only direct behavioral measure in this 

research (versus PSE, for example, which was a measure of 

behavioral perception), the ACH-culture relationships 

reported here demonstrated that behaviors were more weakly 

related to environmental perceptions, than were other 

perceptual factors. Thus, the ISC culture had a weak 
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relationship to students' science achievements, but that 

relationship changed as the configuration of factors in the 

classroom culture changed .. 

When the nature of the classroom culture prior to the ISC 

was explored by comparing groups of lower achieving (Figure 

27) versus higher achieving (Figure 28) students, very few 

differences were found. Notice that the patterns of 

clustering in both SSA maps were virtually identical to those 

reported in the general map. The only notable differences 

between these maps was the slight tendency for lower 

achieving students' perceptions to be dominated by their 

willingness to expend cognitive effort (ME), while higher 

achieving students' were even less concerned about the value 

of science (ASV). Thus, it appeared that the similarities 

between these groups far outweighed the minor differences 

which they reported. The comparison of these maps, in fact, 

exhibited statistically significant concordance (N = .935, 

~2(170) = 318.0, ~ < .001) meant that the perceptions of 

the classroom culture of differentially achieving students 

were nonrandomly similar. 



Figure 27 

SSA Map* of Lower Achieving Students' Pre ISC 

Classroom Learning Culture 

2. 5 or--------------------------------------------------, 
2-

1.5-

1-

0.5-

0-

-0.5-

-1-

-1.5-

-2-

*ASV 

+EC 
+EST 

*"'AP 
AI{ 

*AS 

+EIG
.t1E 

• +TA 
l1PC 

*ASS *'t\NS 

*AC 

+SSI +TSI 
.cA +TB 

-2.5-r----r-�---.�-----�r----~1---.1-----1r----.1----'1~---r-1--~ 

162 

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 

• Environment + Self-Efficacy * Attitudes 

• t1indfulness A Achievement (-4.10, -0.54) 

* Stress = .055 



Figure 28 

SSA Map* of Higher Achieving Students' Pre ISC 

Classroom Learning Culture 
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In contrast with the analysis based on achievement, the 

comparison between students' with the most negative attitudes 
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(Figure 29) and students with the most favorable attitudes 

(Figure 30) revealed some interesting differences. The 

perceptions of students with the most negative attitudes were 

dominated by their attitude toward the study of science (AS), 

which lied almost exactly at the origin of the SSA map of 

their perceptions. Clustering with AS, was a group of 

variables relating to the study of science itself, including 

mindfulness (ME and MPC), the environmental factor concerning 

the nature of the classroom task (TA) , self-efficacy 

regarding learning information (EIG), and perceptions of the 

nature of science itself (ANS). Additionally, students' with 

the most negative attitudes perceived the nature of their 

classroom environment to be relatively unrelated to the rest 

of their perceptions, as the more distant location from the 

origin of the SSA map of this cluster indicated. 

Additionally, their peripheral attitudes formed a loose 

cluster was centered by students' perceptions' of their self

efficacy to engage in scientific thinking (EST) and use 

computers (EC). This indicated a reciprocal relationship 

between students' negative attitudes and their abilities to 

succeed in the science classroom. Thus, the perceptions of 

the classroom culture of students' with the most negative 

attitudes seemed to have focused on their negativity toward 

studying science, their perceived inability to succeed in the 

study of science, and the fact that the classroom environment 

in which they studied science had a relatively weak 
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relationship to their cognitions and evaluations about 

science. 

Figure 29 

SSA Map* of Negative Attitude Students' Pre ISC 

Classroom Learning Culture 
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Figure 30 

SSA Map* of Positive Attitude Students' Pre ISC 

Classroom Learning Culture 
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In contrast, the manner in which students with the most 

favorable attitudes constructed their classroom culture was 
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not dominated by their attitudes toward studying science 

(AS). A very loose cluster of factors, similar to those in 

the general pre ISC map (EIG, ME, MPC, TA) did locate near 

the origin of the map. This cluster, however, was loosely 

integrated, and joined by students' attitudes toward science 

as a hobby (AH). This probably indicated that the 

perceptions of students with more positive attitudes were 

dominated by their positive beliefs about doing science, 

rather than a negative attitude toward studying science. 

Additionally, these students' perceptions about the their 

learning environment were well integrated with the 

attitudinal cluster of personal involvement with science 

factors (AS, AN, AC, and AH). This pattern suggested that 

students with positive attitudes saw a strong relationship 

between their classroom learning environment and their 

attitudes toward participating in science, in sharp contrast 

with the perceptions of students with negative attitudes. 

Finally, students with positive attitudes had perceptions of 

their self-efficacy, the value of science, and the attitudes 

of their peers which were the most peripheral aspects of 

their classroom culture. This probably indicated that the 

willingness and enjoyment of engaging in science were more 

important to them than were their beliefs about what they 

could accomplish, its merit, or what their peers thought of 

their scientific endeavors. Thus, the analysis of the SSA 

maps showed a clear difference in the construction of the 
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classroom culture between students with positive versus 

negative attitudes. Despite these apparent differences, the 

statistical comparison of the distances in these maps showed 

them to be significantly concordant (N = .795, CHI 2 (170) = 

270.3, ~ < .001). This meant that the ordering of factors in 

each map did not differ. However, the discrepancies in the 

clustering patterns in these two maps were sufficient enough 

to warrant the claim that the structure of the perceptions 

depicted in these maps did, in fact, differ. 

The analysis of the construction of the classroom learning 

culture of female (Figure 31) and male (Figure 32) students 

did not reveal much substantive difference between these 

groups. Both of these SSA maps exhibited virtually identical 

factor clustering patterns with each other, and with the 

general pre ISC map. The only difference which emerged 

between males and females concerned the integration of the 

factors in the entire map, whereby males reported slightly 

tighter overall integration among the variables than did 

females. This difference, however, was minor. Therefore, it 

appeared that male and female students constructed their 

learning culture in vastly similar ways prior to the start of 

the ISC. The degree of concordance between these maps was 

statistically significant (N = .954, CHI 2 (170) = 324.5, ~ < 

.001). This high correlation in the structural patterns in 

these two SSA maps meant the cultural perceptions of male and 

female students were nonrandomly similar. 



Figure 31 

SSA Map* of Female Students' Pre ISC 

Classroom Learning Culture 
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Figure 32 

SSA Map* of Male Students' Pre ISC Classroom Learning Culture 
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Post ISC Classroom Culture 

Following the completion of their ISC research, students 

reported changed perceptions of their classroom learning 

culture, as indicated in Figure 33. Notably, the central, 

dominant cluster of factors related to perceptions of the 

learning task itself disappeared from the map. The 

mindfulness factors (ME and MPC) remained located near the 

origin of the SSA map, however, they were well integrated 

into a large cluster of environmental and attitudinal 

factors, rather than forming the hub of a task cluster. 

The general clustering of factors also changed following 

the completion of the ISC. Two previously separate 

attitudinal clusters merged and integrated tightly with the 

cluster of environmental factors. The AH and AP factors 

remained clustered away from the other attitudinal factors. 

The environmental cluster became more tightly integrated, and 

merged with the larger attitudinal cluster, save SC. This 

environmental sense-of-control factor moved across the map 

and joined a more clearly defined cluster of perceived self

efficacy variables. Therefore, the clustering pattern was 

transformed into a map with three clusters, revolving around 

students' tendencies to be mindfully engaged in their 

studies. 
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Figure 33 

SSA Map* of All Students' Post ISC Classroom Learning Culture 
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The integration of the SSA cultural map also changed 

2.5 

following the ISC. In general, the factors were more tightly 

integrated than they were previously. In particular, two 
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attitudinal clusters joined the environmental cluster; this 

larger cluster also integrated itself with the mindfulness 

factors near the origin of the map. Following the ISC, 

therefore, students perceived more interdependencies among 

the factors which constituted their classroom culture than 

they did prior to the project. The comparison of students' 

perceptions of their classroom culture at pre versus post ISC 

times indicated that these maps were substantially discordant 

(N = .500, CEI2 (170) = 170.3, ~ > .05), thereby 

substantiating the claim that participation in the ISC 

changed students' perceptions of the classroom culture. 

Few differences were evident between the cultural maps of 

lower achieving (Figure 34) and higher achieving (Figure 35) 

students following the ISC. In general, both maps looked 

very similar to the post ISC map of all students' 

perceptions. The major differences between the achievement 

groups lied in integration: The map of the higher achieving 

group exhibited greater integration of the attitudinal, 

environmental, and mindfulness factors. The lower achieving 

group, however, reported a stronger relationship between 

their perceptions of self-efficacy and their mindful 

engagement than did the higher scoring group. Yet, the 

similarities between both of these achievement group maps 

with the general post ISC analysis tended to overshadow these 

differences in integration. The comparison of the group maps 

within post-test time revealed statistically significant 
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concordance (~= .951, ~2(170) = 323.6, £ < .001). 

However, the comparison of each of these post-test maps with 

its respective pre ISC counterpart indicated substantial 

discordance in the pre versus post ISC SSA maps: lower 

achieving students: (~= .483, CHI2(170) = 164.4, £ > .05), 

higher achieving students: (~= .534, ~2(170) 181.5, £ > 

.05). These tests supported the conclusion that the ISC 

curriculum changed students' perceptions of structure of the 

classroom culture, but that achievement level did not. 



Figure 34 

SSA Map* of Lower Achieying Students' Post ISC 

ClassrooID Learning Culture 
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Figure 35 

SSA Map* of Higher Achieying Students' Post ISC 

Classroom Learning Culture 
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Interestingly, the comparison of students with negative 

(Figure 36) versus positive attitudes (Figure 37) following 
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the ISC seemed to reflect of a mix of attitudinal and 

curricular influences, in contrast with other student group 

comparisons. Both of these analyses exhibited the post ISC 

tendency for tighter integration among factors. They both 

also adopted the more linear appearing radex structure (a 

central factor or cluster flanked on either side by a larger 

cluster) as did the general post ISC analysis. However, the 

characteristics of the attitudinal influence found prior to 

the ISC also remained in the post project analysis. 

Among the students with more favorable attitudes, the 

mindfulness factors located near the origin of the map. On 

the right side, was a large cluster of tightly integrated 

attitudinal and environmental factors; on the left, students' 

perceptions of self-efficacy and sense-of-control. Overall, 

the map of the perceptions of students with favorable 

attitudes was more tightly integrated than the map of their 

counterparts with negative attitudes. 



Figure 36 

SSA Map* of Negatiye Attitude Students' Post ISC 

Classroom Learning Culture 
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Figure 37 

SSA Map* of positive Attitude Students' Post ISC 

Classroom Learning Culture 
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On the map of the perceptions of students with negative 

attitudes, the attitude toward studying science (AS) occupied 
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the origin, as it did prior to the introduction of the ISC 

curriculum. The clustering patterns from the pre ISC map 

also remained intact. Thus, surrounding AS near the map's 

origin was a cluster of factors relating to task completion, 

including students' perceptions of self-efficacy (EC, EST, 

and EIG), mindful engagement in the task (ME and MPC) , and 

task-related environmental factors (TA and SC). The 

remaining attitudinal factors separated into to two clusters, 

locating opposite one another on either side of the central 

cluster. The remaining environmental factors splayed out 

linearly along with the attitudinal cluster to the right of 

the map's origin. As was the case prior to the ISC, 

therefore, it appeared that the perceptions of students with 

negative attitudes reflected a rough continuum of task 

involvement, radiating outward from their attitudes toward 

studying science at the origin of their SSA map. The 

comparison of the group maps within post-test time revealed 

statistically significant concordance (N = .8.3, CHI 2 (170) = 

273.1, ~ < .001). This suggested that perceptual differences 

based on attitudes were minor after the ISC project. 

However, the comparison of each of these post-test maps with 

its respective pre ISC counterpart revealed substantial 

discordance in the pre versus post ISC SSA maps: students 

with negative attitudes: (N = .482, CHI 2 (170) = 163.9, ~ > 

.05), students with positive attitudes: (N = .557, CHI 2 (170) 

= 189.7, ~ > .05). Thus, these statistical tests supported 



the conclusion that changes in students' perceptions 

following the ISC were substantial. 
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In contrast with the attJtudinal groupings, the comparison 

of female (Figure 38) and male (Figure 39) students' cultural 

perceptions following the ISC differed very little from one 

another. They both tended to follow the patterns which were 

manifested in the general post ISC analysis. They showed 

exactly the same clustering patterns, and integrational 

patterns which were very similar. The slight differences in 

integration which existed were that males located MPC 

slightly closer to the origin than did females, and also 

perceived their self-efficacy to be slightly more related to 

their mindful engagement. Overall, however, the similarities 

between these gender group maps were far greater than their 

differences. The comparison of the group maps within post

test time revealed statistically significant concordance (N = 

.963, ~2(170) = 327.6, II < .001). However, the comparison 

of each of these post-test maps with its respective pre ISC 

counterpart indicated substantial discordance in the pre 

versus post ISC SSA maps: females: (N = .478, .cH..I2 (170) 

162.7, II > .05), males: (N = .541, kBI2 (170) = 184.1, II > 

. 05) . 
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Figure 38 

SSA Map* of Female Students' Post ISC 

Classroom Learning Culture 
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Figure 39 

SSA Map* of Male Students' Post ISC 

Classroom Learning Culture 
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Classroom Culture Research Questions 

The first classroom culture research question asked, ~How 

are individual attitudes and cognitions situated in the 

structure of the classroom learning environment?" Prior to 

the start of the ISC, the answer to this question would be 

that these factors were situated in a loosely integrated 

radex structure. At the hub of this structure was a cluster 

of task related factors, including ME, MPC, EIG, and TA. The 

remaining environmental factors and self-efficacy factors 

each constituted a separate cluster, located on either side 

of the central cluster along the horizontal axis of the map. 

The attitudinal factors separated into the three separate 

clusters, located more peripherally than the other clusters. 

This pattern somewhat held constant following the ISC, to the 

extent that mindful engagement remained central, and the 

environmental and self-efficacy factors each clustered. 

Thus, the general structural pattern in this data was that 

environmental, attitudinal, and self-efficacy factors 

clustered in a radex pattern around students' mindful 

engagement. The differences in the pre and post ISC 

structures will be discussed below. 

The second research question concerned whether differences 

in student groups affected the situation of factors in the 
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classroom learning environment. For differences based on 

achievement and gender, the answer generally was ~no.n Only 

minor differences in the integration of factors existed in 

these group comparisons, both prior to and following the ISC 

project. Further, each of these group comparisons showed 

statistically significant concordance. For differences based 

on attitudinal groupings, however, the answer must be a 

guarded "yes." In both the pre and post ISC comparisons, the 

maps of students with positive attitudes and those with 

negative attitudes reflected the influence of attitudes and 

the ISC curriculum on their perceptions of the classroom 

culture. Regardless of curriculum, the SSA map of students 

with negative attitudes contained a large central cluster of 

task related factors, anchored by their attitude toward the 

study of science. The environmental factors loosely 

clustered on the right of the map, while attitudes where 

spread across it. This seemed to form a continuum of 

involvement which radiated outward from the origin of the SSA 

map. In contrast, the map of the perceptions of students 

with positive attitudes located both mindfulness factors at 

the origin. Most attitudinal and environmental factors 

clustered tightly to the right of the origin along the 

horizontal axis, while self-efficacy and sense-of-control 

clustered tightly to the left along the same axis. For 

students with positive attitudes, therefore, it seemed that 

their tendency to be mindfully engaged mediated the 
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relationship between their learning environment, which was 

itself strongly related to their attitudes toward science and 

its study, and their perceptions of their scientific self

efficacy. The statistical comparison of these maps, however, 

did manifest significant concordance. Because SSA reveals 

differences in kind, as indicated by the clustering of 

factors, while the test of concordance examines the rank 

order of distances, the statistical comparison of SSA maps 

should not be taken as the final word on their identity. It 

is a valuable piece of information, but does not capture the 

totality of the dimensions contained in an SSA map. 

Therefore, an answer to this research question must be a 

guarded "yes," because while the rank order of the distances 

in these maps did not differ, their appeared to be important 

and comprehensible differences in the clustering patterns 

exhibited between these SSA maps. Thus, the structure of 

students attitudes appeared to play some role in their 

perceptions of their classroom culture, in contrast with the 

other student differences, which clearly did not. 

The third research question asked if participation in the 

ISC project changed students' perceptions of their classroom 

learning culture. These data evidenced that it did. As was 

the case in every analysis, completion of the ISC resulted in 

a tighter integration overall, probably reflecting the 

emphasis of the ISC curriculum on collaborative and authentic 

learning experiences. Further, students' preoccupation with 



187 

the learning task itself no longer dominated the post ISC 

analyses, as one would expect from a curriculum based on 

obtaining real-world results, rather than the assimilation of 

a body of facts. Finally, students' attitudes and their 

perceptions of their learning environment clustered together 

following the ISC, indicating a much stronger reciprocal 

influence among these factors than existed before the start 

of the project. Each of these findings was substantiated by 

statistical tests which revealed substantial discordance 

between pre and post ISC SSA maps. 

The final research question sought to compare the analytic 

and systemic analyses of the ISC data. The analytic data 

revealed improvements in students' global attitudes and 

science achievement from participation in the ISC. However, 

none of the remaining data could account for these changes, 

when examined analytically. Interestingly, however, the 

systemic analysis of the SSA maps revealed that students' 

attitudes toward studying science (ASS), perceptions of self

efficacy at gathering scientific information, and proclivity 

to be mindfully engaged played differing and dominant roles 

in their constructions of their learning cultures prior to 

and following the completion of the ISC project, despite the 

fact that the contents of these variables did not change 

throughout the entire course of the investigation. 

Therefore, the systemic analysis of the culture of the 

learning environment appeared to be, at the very least, a 
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valuable adjunct to its analytic study, and to offer the 

potential of new insights into the study and practice of 

science classroom learning beyond that which is afforded by 

analytic study alone. 



189 

CHAPTER 4: DISCUSSION 

This investigation has been guided by a series of research 

questions designed to explore changes in the culture of the 

International Science Classroom (ISC). Two aspects of the 

culture of the ISC were examined: the system of structural 

relationships among the factors in the classroom culture, and 

the contents of those factors. The argument was developed 

that since positive attitude change has been a goal of 

science educators (DeBoer, 1991; NSTA, 1982), systemic 

research should explore how changes in individuals' attitudes 

are situated within a pattern of interdependent relationships 

in an entire system of factors which constitute a classroom 

learning culture. Thus, special attention has been paid to 

the manner in which students' attitudes were situated in the 

culture of the ISC. 

To explore the situation of attitudes within the ISC, two 

aspects of the classroom culture were examined: First, the 

effects of the ISC curriculum on the contents of students' 

perceptions of the environmental, attitudinal, and cognitive 

factors were analyzed. Second, the structural 

interdependencies among these factors were examined. Based 

on these analyses, several conclusions and implications 

concerning the situation of attitudes in the ISC have been 

discussed in this chapter. Emphasis has been placed on 
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highlighting the insights offered by this systemic approach 

to these issues. 

Content Effects in the ISC 

Several tests which explored changes in the contents of 

the factors in the ISC classroom were conducted. Although 

these content effects were not the primary focus of this 

investigation, they were interesting in their own right, 

especially in comparison to the findings from previous 

analytic research in science education. Further, my 

rationale for the systemic approach posited that change in 

the contents of factors in a learning system ought to be 

explored relation to other aspects of the system, since the 

contents of the factors themselves constitute an aspect of 

the entire system. Therefore, changes in the contents of the 

factors in the ISC have been discussed in reference to their 

roles in the entire learning system. 

In terms of the classroom learning environment itself, 

prior analytic research reported that participation in a 

science-technology-society (STS) course changed students' 

perceptions of their environment when compared to their 

perceptions of the traditional science classroom environment 

(Baba & Fraser, 1983; Fraser, 1979, Welch & Walberg, 1972). 

Students generally found the STS environment to be more open, 

interactive, and participatory than the traditional science 
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classroom. Since the ISC was an example STS course, similar 

findings should have obtained. The ISC data, however, did 

not support these findings. The ISC students reported very 

few changed perceptions of the contents of the learning 

environment. When they reported changed perceptions, in 

fact, ISC students felt that their classroom atmosphere (CA) 

was actually less open, and that they had less of a sense of 

control (SC) after they completed their ISC research. 

Therefore, the ISC had no effect on students' perceptions of 

the contents of most aspects the learning environment, and a 

negative effect on the two content perceptions that did 

change. 

Before discussing this finding any further, it should be 

noted that the absence of a control group in this study has 

prevented the identification of definitive reasons for this, 

and other, content changes reported here. These changes in 

students' perceptions of the contents of the factors in the 

classroom could not be attributed directly to changes in the 

classroom curriculum and activities. Any number of rival 

hypotheses also could have been used to explain these 

effects. Therefore, this conclusion, and others about the 

effects of the ISC curriculum, itself, on students' 

perceptions, must be interpreted with caution. Nevertheless, 

this finding was interesting, and warrants consideration in 

terms of the issues which were addressed in this research 

design. 
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One reason for this serendipitous findings probably 

stemmed from the manner in which the ISC curriculum was 

implemented in the classroom. For various reasons, the ISC 

teachers included the ISC project in their lessons as an 

adjunct to their normal curriculum. Students spent about 

half of each week conducting traditional science studies, and 

half conducting their ISC research. The traditional 

curriculum was merely condensed to make time for the "added" 

ISC work. As a result, students probably felt "overworked;" 

a fact which was conveyed by numerous students during 

informal interviews with the investigator. Therefore, the 

content changes reported here ought to be viewed as students' 

perceptions of the entire curriculum, not just the ISC. In 

this light, it seemed plausible that changes in ISC students' 

perceptions of environment contents would not be identical to 

those in previous STS studies, as was the case. 

A second set of content factors, students' attitudes 

toward science, were analyzed in relation to change in 

positivity prized by science educators (DeBoer, 1991; NSTA, 

1982) Researchers generally have documented a trend of 

increasingly negative attitudes as students progress from 

elementary through high school science courses (Yager & 

Penick, 1989). However, this trend has seemed to be 

mitigated through participation in STS programs (Shymansky et 

al., 1990). 
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Before discussing the relationship of the current data to 

this trend, it is noteworthy to point out that methodological 

artifacts should caution one against definitive acceptance of 

this trend toward negativity. The pattern of decline in the 

favorability of students' attitudes has been confounded with 

increased maturity, education, cognitive complexity, peer 

influences during adolescence, and general statistical 

regression toward the mean, all of which have been shown to 

be related to more moderate scores on attitude scales and 

increased resistance of those attitudes to counterpersuasion 

(Smith, 1982). Further, researchers often have used more 

simplistic attitude instruments when studying younger 

children (2 or 3 point "happy face" scales) than when 

studying older students (5 to 11 point scales). The 

increased degrees-of-freedom in the scales used to measure 

older students' attitudes have resulted in perceptual biases 

and statistical artifacts which also have been shown to force 

attitude scores toward the middle of the scale. Thus, the 

tendency for students' attitudes to move from the positive 

end of an attitude scale toward the middle as students age 

should be interpreted in light of the natural methodological 

tendency for this to occur. 

Despite this trend toward negativity, whether a product of 

science programs themselves, or methodological artifacts, 

students in STS courses have reported small but significant 

positive attitude change in comparison to their counterparts 
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in traditional science classrooms. Although a control group 

did not exist as a basis for comparison, ISC students also 

reported an overall more favorable global attitude toward 

science (ATTD) after they participated in the project. 

Specifically, this change occurred in their evaluations of 

professional scientists (AS), and their perceptions of the 

favorability of their peers' attitudes toward science (AP). 

Since the ISC was an example STS curriculum, which emphasized 

collaboration between students in authentic science 

experiences, these changes in students' attitudes seemed 

logical. Therefore, this ISC investigation added support to 

the claim that participation in STS courses can improve the 

favorability of students' attitudes toward science. 

Another important finding in past research has concerned 

gender differences in students attitudes toward science. The 

gender difference in traditional science classrooms (Friedler 

& Pinchas, 1990; Schibeci, 1983), often has been shown to 

disappear in novel science programs such as STS classrooms 

(Kahle et al., 1985). In this ISC research, three gender 

differences in students' attitudes were found: First, males 

had more positive attitudes than females toward science 

hobbies (AH). Participation in the ISC did mitigate this 

gender difference. To the extent that males generally have 

had a greater number of more favorable science experiences 

outside of the classroom (Kahle et al., 1985), it made sense 

that participation in this school science program for only a 
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few months would reverse this trend. Second, however, female 

ISC students reported more positive attitudes toward 

professional scientists (AS) than did their male counterparts 

following the ISC, even though males' attitudes were 

significantly more favorable than females' prior to its 

start. Thus, it seemed that participation in a school 

science project which emphasized the work that scientists 

actually do, was a powerful enough experience to actually 

reverse a gender difference. Third, gender interacted with 

participation in the ISC such that the positivity of females' 

global attitudes (ATTD) benefited the most. Prior to the 

ISC, females' ATTD scores were significantly lower than 

males' scores. However, females' ATTD scores increased much 

more than did males, through participation in the ISC. This 

differential increase was large enough that a gender 

difference in ATTD scores after the ISC did not exist. This 

findings was highly supportive of the claim that 

participation in STS programs can minimize gender differences 

in students' attitudes toward science. 

The data on gender differences in attitudes among ISC 

students was mixed, in comparison to past research: This STS 

intervention was not potent enough to minimize gender 

differences in attitudes which focused on aspects of science 

outside the classroom experience. It did, however, reverse 

an existing gender difference on an attitude which was a 

direct focus of the novel curriculum. Further, the increase 
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in the favorability of females' attitudes on the schoo1-

related attitude dimensions was substantial enough to 

eliminate any overall gender difference in attitudes toward 

science. These findings implied that STS programs can 

minimize gender differences in attitudes in a short time 

frame, but only when those attitudes, are specifically 

targeted by the STS curriculum itself. 

Past studies also have posited direct relationships 

between students' cognitive abilities and their attitudes 

toward science (Saunders & Young, 1985; Trout & Crawley, 

1985). In this ISC study, participation in the STS 

curriculum did not have any direct effect on students' 

cognitive perceptions. However, two cognitive perceptions 

were favorably affected as functions of students' attitudes 

toward science. Students' mindful preference for complex 

thinking (MPC) and perceived self-efficacy to engage in 

scientific thinking (EST) were more favorable among students 

who had positive attitudes toward science. These findings 

supported the claim from past research that it has not been 

the curriculum itself which has affected students' 

cognitions, but instead through the increase in favorability 

of students' attitudes toward science which has resulted from 

participation in STS courses. Those programs which have 

successfully improved students attitudes also ought to have 

improved their cognitive perceptions, as was this case in 

this study. 
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Finally, students' academic achievements in science have 

received considerable attention in previous analytic 

research. Meta-analytic reviews of this literature have 

suggested that students' attitudes have been related to their 

science test scores, but only to a minor extent, accounting 

for only little more than one percent of the variance in 

achievement (Fraser, 1982; Germann, 1988). In this analysis, 

ISC students showed substantial improvement in their science 

achievements (ACH) , on average scoring five percent higher on 

their science tests after they participated in the project. 

Students' attitudes, however, did not account for this 

discrepancy. Although students with positive attitudes did 

score better than their counterparts with negative attitudes, 

the difference was not significant. The achievement scores 

of all students increased significantly following the ISC, 

regardless of their attitudes. Interestingly, although 

students' attitudes did not account for their achievement 

scores, achievement scores interacted with participation in 

the ISC to account for a significant portion of the variance 

in students' attitudes (ATTD). While higher achieving 

students had more favorable attitudes than lower achieving 

students, the higher achieving group reported a significantly 

larger increase in the favorability of their attitudes 

following the ISC. This finding has cast doubt on the 

assumption of past research that achievement has been a 

function of attitudes, and instead has supported the systemic 
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premise that investigators ought to explore the nature of the 

relationships between attitudes and achievements more 

carefully. 

To summarize the effects of the ISC on the contents of 

students' perceptions, these analyses have shown that 

participation in this example STS curriculum was generally 

related to improvements in students' attitudes, cognitions, 

and achievements. Improvements in aspects of students' 

attitudes toward science, and their achievements in science 

seemed to have been a direct function of changes in the new 

curriculum and the activities in which students participated 

in the classroom. Attitudes also seemed to have been 

improved indirectly through students' differential 

achievements in science. Two cognitive perceptions of the 

students', MPC and EST, were improved as functions of 

students' changed attitudes toward science. Therefore, these 

data were largely consistent with findings from past research 

which has shown that participation in STS courses has 

improved students' attitudes, cognition, and achievements. 

In contrast, two findings in the ISC were not consistent 

with previous research: First, the cause and effect 

relationships posited in earlier studies were not found here. 

For example, instead of finding that students' attitudes 

influenced their achievements, the reverse was found here. 

Second, participation in the ISC generally did not change 

students' perceptions of the contents of their learning 
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environment. In fact, students' perceptions of those factors 

which changed, CA and SC, were actually less positive after 

the ISC. These findings raised an interesting paradox: The 

generally more favorable traditional outcome measures 

(attitudes, cognitions, and achievements) found in this 

research, could not have been attributed to improvements in 

students' perceptions of the classroom environment, since the 

ISC did not result in more favorable perceptions of the 

classroom environment. However, past science education 

research has been predicated on the assumption that more 

favorable student outcomes are functions of favorable changes 

in the classroom environment which are created by novel, STS 

curricula. In particular, this discrepancy with previous 

research has raised issues concerning the adequacy of relying 

solely on the traditional, analytic, explanation of the 

effects of novel science education programs. 

In this research project, the science classroom has been 

conceptualized as a cultural system of interdependent 

relationships among students' attitudinal, cognitive, and 

environmental perceptions. It was argued that this 

conceptualization of the science classroom promised to offer 

insights into the manner in which changes in students' 

attitudes are situated in the classroom culture. If this 

systemic approach has merit, it should begin to address the 

above issues and others beyond the extent to which they have 

been addressed through the exploration of the contents of 
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these factors alone. Therefore, this discussion continues by 

examining the structural effects in the ISC, in order to 

determine whether this level of analysis can add anything of 

value to the investigation into the manner in which students' 

attitudes were situated in the culture of the ISC. 

Structural Effects in the ISC 

The analysis of the structural effects in the ISC has 

referred to the nature of the interdependent relationships 

among the factors studied, and the changes they underwent 

throughout the course of this investigation. This discussion 

focused on the examination of the changes in the structure of 

the classroom environment, changes in students' attitudinal 

systems, and the changes in the totality of the learning 

culture. These analyses were conducted to reveal the impact 

of any systemic effects in the ISC, as they have pertained to 

the goal of science educators to affect positive attitude 

change and situate the study of science in its social 

context. 

Classroom Learning Enyironment 

In the introductory section of this report, a classroom 

learning environment was defined as a system of 

interdependent relationships among a set of factors which 



201 

constitute the conditions in which the educational process 

transpires. Several research questions of theoretical and 

practical significance were posed concerning the structure of 

the 1SC learning system. The implications of the analyses 

used to answer these questions have been discussed here. 

One question concerned the configuration of the learning 

system itself. One the basis of these analyses, it was 

concluded that each of the factors studied in this research 

contributed to students' constructions of their learning 

environment. This was evident to the extent that each factor 

resided in a unique location on the environmental SSA maps, 

and that each factor was roughly equidistant from the center 

of each map. 

Two possible qualifications on this conclusion were found. 

The first qualification on this effect concerned the 

relationship between perceptions of the teacher's behavior 

(TB) and teacher-student interactions (TS1). The close 

clustering of these factors across each of the SSA maps 

reported here may have indicated that these factors were 

perceptually very similar. The proximal positioning of this 

cluster, whether it was perceptually two factors or one 

factor, has shown that it must be included in any complete 

description of the classroom learning environment. Second, 

students' sense of control (SC) was located more peripherally 

than the other factors in these analyses. This meant that it 

was not as perceptually salient as the others. However, the 
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finding that the location of this factor in students' 

perceptions changed meant that student did consider this 

factor in their construction of the learning environment, 

albeit not as strongly as the other factors. It seemed 

clear, therefore, that any sufficient description of a 

classroom learning environment ought to include the factors 

studied in this research. 

An important, related issue, which this research did not 

address, however, concerned the completeness of this 

description of the classroom learning environment. One 

wonders whether the inclusion of other variables might have 

changed the structure of students' perceptions of their 

classroom environment. Further research which examines 

potential structural changes in students' perceptions due to 

other factors would enhance our understanding of the factors 

which may be manipulated in order to produce changes in the 

totality of the learning environment. Yet, the factors 

included in this research were selected on the basis of the 

extent factor analytic research (Fraser, 1982, 1986; Walberg, 

1972), and theory (Salomon, 1992a, 1992b), and therefore 

based on the best available knowledge. 

Another aspect of this environmental research question 

concerned the structure of the interdependent relationships 

among the factors in the classroom learning environment. 

Based on empirical evidence in the area of value structures 

(Schwartz & Bilsky, 1990) which found that the structure of 
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people's values did not change across cultures despite 

differences in the contents of their values, and on 

intelligence research (Snow et al., 1984) which found 

consistent structures in perceptions of intelligence tests, 

it was queried whether the structure of the learning 

environment in the ISC would remain constant while undergoing 

content changes. Several interesting findings relevant to 

this issue emerged from the data. 

First, it was quite apparent that structure of the 

classroom learning environment changed quite independently of 

changes in the content of the learning environment, as was 

the case in the value structures and intelligence 

literatures. The pre versus post SSA maps showed that the 

location, centrality, and integration of environmental 

factors such as TSI and the classroom tasks and activities 

(TA) changed, even though students' perceptions of their 

contents did not. Further, students rated their classroom 

atmosphere less favorably after they participated in the ISC, 

yet, SSA analysis revealed that perceptions of the classroom 

atmosphere (CA) concomitantly became more important and 

influential in students' perceptions of the structures of 

their environment. Given the clear distinction between 

structure changes and content changes found in these 

analyses, it was evident that studying the contents of 

environmental factors alone would have told only half of the 
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story of the changes in students' perceptions that took place 

in the ISC learning environment. 

Research which describes only content changes in the 

classroom environment is at least incomplete, and potentially 

misleading. For example, these analyses did not reveal a 

significant change in the contents of students' perceptions 

of their interactions (SSI). One this basis alone, one would 

have concluded that SSI had no effect on students' 

perceptions of the learning environment. Yet, it was clear 

from the systemic analyses that students' perceptions of the 

structural location of SSI underwent substantial change 

during the course of the investigation. In fact, SSI was the 

most central and salient feature of students' perceptions at 

the start of the project, but not following the ISC. Several 

other such contrasts between content and structural changes 

also were evident in these data. This study suggested, 

therefore, that the analysis of the contents of the learning 

environment alone, may confound our understanding of the 

effects of different curricula on learning. Whether or not 

content perceptions of these factors changed, the factors in 

this study were shown to play different roles in students' 

perceptions of the classroom learning environment. 

Second, students' characteristics generally had little 

effect on their perceptions of the structure of the learning 

environment. Neither gender, nor achievement level, made a 

difference in students' perceived environmental structures. 
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There was, however, some discordance in the structural 

perceptions between students' with the most positive versus 

negative attitudes prior to the start of the ISC project. 

Five of six comparisons based on student characteristics, 

therefore, failed to indicate differences in environmental 

structures due to student background. This finding 

contrasted sharply with much of the analytic literature which 

based many recommendations about the science learning 

environment on student background (c.f., Fraser, 1986). Once 

again, this has indicated the necessity of studying the 

structure of the classroom learning environment in order to 

get a more complete understanding of the educational process~ 

Third, structural changes consistent with the introduction 

of the ISC curriculum itself resulted in the greatest and 

most comprehensible changes in students' perceptions of their 

environmental structure. This was very clearly shown by the 

discordance between the maps of all students' perceptions 

prior to and following the ISC. This finding suggested that 

changes in curriculum and educational processes in the 

classroom did change students' perceptions of the structure 

of the learning environment in which education took place. 

To summarize these findings, prior to the start of the 

ISC, students' felt that their learning environment was most 

strongly characterized by the nature of their interactions 

with each other (SSI). The classroom atmosphere (CA), the 

learning task and activities (TA), and a cluster of teacher 
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related factors (TB and TSI), were distinct but similar in 

centrality, secondary contributors to students' perceptions. 

SC was the most peripheral component of students' 

environmental perceptions. Following the ISC, environmental 

perceptions were dominated by CA, with the cluster of teacher 

factors (TSI and TB), TA, and SSI constituting separate 

aspects of students' perceptions, which were located around 

CA. This entire set of factors was more tightly integrated 

following the ISC. SC, however, was even more peripherally 

located than it was prior to the start of the project. 

Therefore, it was evident that the ISC had a substantial 

effect on the structure of students' perceptions that was 

distinct from the effect it had on the content of their 

perceptions. The greater integration of students' 

perceptions and the increase in centrality of the most global 

aspect of the environment, CA, seemed to result as functions 

of the authentic, interdisciplinary, and holistic aspects of 

the curriculum. Students' perceptions of their control over 

the functioning of the classroom (SC) became less important 

probably because their independence from the teacher in their 

ISC projects minimized the number of rules and regulations 

which governed their classroom behavior. Thus, the ISC 

curriculum seemed to have affected students' perceptions of 

the classroom environment in somewhat predictable ways, which 

differed from the effects of the curriculum on their 

perceptions of the contents of classroom environment factors. 
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These findings based on the systemic investigation of the 

classroom environment have implied several issues regarding 

the study and practice of science education. As was 

speculated, these findings revealed that environmental 

content changes in students' perceptions were a different 

kind of effect than their perceptions of change in 

environmental structures. Further, these findings 

demonstrated that despite students' perceptions of the 

contents of an environment, there were different kinds of 

classroom learning environment structures. The learning 

environment at the start of the course was not the same at 

the learning environment following the ISC. The structure of 

the ISC learning environment changed as a function of the new 

curriculum and set of classroom activities within the 

curriculum. Thus, it would be worthwhile for future research 

to develop a taxonomy of classroom environment structures, 

since this project clearly demonstrated that environmental 

structures changed as a function of changes in educational 

processes in the classroom. 

In terms of the study of science education, this project 

added empirical evidence to the theoretical debate about the 

ceteris paribus assumption inherent in traditional research. 

"All else" did not remain constant following the introduction 

of the ISC project. Instead, students' perceived that the 

nature of the classroom itself also changed. Too, it cannot 

be said that these changed perceptions were due to the ISC, 
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but in this light, can only be attributed to the ISC being 

introduced into a particular learning culture, with a 

particular group of students acting within that culture. In 

short, these data made it apparent that drawing conclusions 

about the ~effects of" a particular curricular intervention 

is dangerous without also knowing something about the 

structure of the environment in which those changes took 

place. Therefore, this research has demonstrated what does 

happen in a science classroom, versus what can be made to 

happen (Salomon, 1991). This distinction, coupled with these 

findings, caution against attributing particular effects to 

isolated aspects of a classroom environment, without knowing 

something about the entire system of relationships in which 

those effects exist. Illustrating this distinction has been 

a primary concern of this systemic investigation. 

Further, these data have encouraged one to question the 

analytic practice of identifying the effects of particular 

environmental factors on particular dependent variables such 

as attitude change and learning, absent any knowledge of the 

roles those factors play in a learning system. For example, 

considering the data in this study, how could one have 

concluded that it was changes in students' sense of control 

or perceptions of the classroom atmosphere that were related 

to changes in attitudes and achievement given that the 

structural relationships in the entire set of environmental 

factors changed following the ISC? Clearly, the data 
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reported in this project cast doubt on this practice and 

indicate the necessity of considering systemic data in order 

to get a more complete picture of what transpires in a 

science education classroom. Even if consistent changes in 

students' perceptions of the content of their learning 

environment were reported from study to study, and classroom 

to classroom, the impact of those content changes would be 

limited by differences in various students' perceptions of 

the structures of their learning systems. For instance, if 

two groups of students have identical perceptions of the 

contents of the environment, the roles those content 

perceptions play in learning might differ. This was evident 

in the student groups' reports of contrasting perceptions of 

the structure of their learning environment. Prior to the 

start of the ISC, it was found that students who had 

different attitudes also differed in their perceptions of the 

structure of the ISC learning system. Even though they had 

similar perceptions of the contents of several factors, such 

as their teacher's interactions, sense of control, and their 

classroom interactions with each other, these factors played 

different roles in the ways they perceived their learning 

environment. Therefore, this finding also implied that the 

interpretation of content effects, in light of their systemic 

roles in a classroom learning system, might add a new level 

of insight into the understanding of the effects of learning 

environment changes on students' attitudes. and abilities. 
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In terms of the practice of science education, these 

findings suggested that curriculum design could be improved 

by considering the systemic relationships among the factors 

in the classroom learning environment. To the extent that 

the system of interrelationships among the environmental 

factors changed following the ISC, one cannot attribute 

changes in attitudes and achievements merely to content 

changes in individual factors. These data indicated that one 

must also know something about which factors are central and 

peripheral, who are the students, how are student 

characteristics integrated into the environment, and so on. 

Therefore, a practically useful line of research could be 

developed which examined how changes in individual 

achievements and attitudes are situated within a system of 

environmental relationships. Such knowledge would allow 

teachers to design their science programs around a more 

complete knowledge of the effects of their curricula. 

Finally, these data also supported a central contention of 

the situated perspective, which calls for the 

conceptualization of student ability to consider the social 

and cultural circumstances in which abilities are exhibited 

(Bronfenbrenner, 1977; Wertsch, 1990). Since it was 

demonstrated that different kinds of learning environments 

obtained, with different types of interdependencies with 

students' attitudes and abilities, it makes little sense to 

discuss students' achievement apart from the environment in 
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which the particular achievement was demonstrated. To do 

otherwise ignores that different learning systems have been 

shown to exist. 

Students' Attitudes 

A primary focus of this project was to study the role and 

relationships of students' attitudes in the science 

classroom. In contrast with the analytic focus on 

attitudinal contents, the goal here was to examine the 

structural relationships among students' attitudes in 

systemic perspective. Several interesting findings emerged 

from these analyses. 

The primary finding concerned the structural organization 

and relationships among students' attitudes. Prior to the 

start of the ISC, students' attitudes were loosely integrated 

and lacked any central characteristic. In contrast with most 

of the analytic research which has demonstrated vast 

differences in attitude contents as a function of student 

gender and achievement, these systemic analyses did not show 

that the structure of students' attitudinal systems varied 

according to these background characteristics. Thus, these 

data provided a clear and stable picture of students' 

attitudinal structures prior to the start of the ISC project. 

Following the ISC, a stable attitudinal structure also was 

found. This structure, however, differed considerably from 
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students' pre ISC attitude system. Each comparison of a post 

ISC SSA map with its pre ISC counterpart indicated 

substantial discordance. In particular, the post ISC 

structure became more tightly integrated, students' attitude 

toward studying science (ASS) occupied a central location, 

and differences in the salience of students' attitudes seemed 

to reflect their degree of involvement, with attitudes which 

reflected the most personal involvement congregating toward 

the center of the system. Clearly, participation in the ISC 

had a profound impact on the organization of students' 

attitudinal structures. This change reflected the emphasis 

of the ISC curriculum on valuing the study of science as a 

means of personal and social problem solving. 

By providing the first empirical demonstration that the 

systemic organization of students' attitudes toward science 

changed in relation to the classroom learning environment, 

these analyses have raised several issues for further 

exploration and implications for the practice of science 

education. Each of these concerns was based on the systemic 

characteristics of attitudes, not their analytic contents. 

The first issue was related to the centrality of an 

attitude within an entire attitudinal system. Centrally 

located attitudes have been shown to be more closely related 

to one's basic goals, values, and self-concept than have 

peripherally related attitudes. Attitude theory and research 

has shown that attitude change is inversely related to 
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centrality (Tesser, 1976; Tesser & Leone, 1977). In these 

analyses, no attitude was centrally located prior to the 

start of the ISC, whereas ASS became very central following 

the completion of the ISC. This may have meant that 

students' attitudes toward studying science were made more 

resistant to backsliding following the completion of the ISC. 

It would be useful for future longitudinal research to 

explore this hypothesis, especially given the consistent 

finding in the analytic research that attitudes toward 

studying science become increasingly negative from the early 

elementary grades through the completion of high school 

(Shymansky et al., 1990; Yager & Penick, 1989). 

Interestingly, even though this effect might possibly prevent 

negative change in the contents of students' attitudes, it 

was made evident only by exploring the structural relations 

in students' attitude systems. 

Second, these analyses revealed a substantial increase in 

the integrative complexity of students' attitudinal 

structures following the completion of the ISC. Integrative 

complexity refers to the number of linkages between attitudes 

in a system, and has been shown to be directly related to the 

enhanced ability to differentiate between environmental 

stimuli, and greater resistance to future attitude change 

(Crockett, 1965). In these data, closer integration was 

shown by the smaller distances between attitudes on an SSA 

map following the completion of the ISC. This meant that 
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students perceived greater reciprocal influences (integrative 

complexity) among their attitudes. The increased integrative 

complexity in the system suggested that students should be 

able to make finer distinctions and evaluations of the 

participants, processes, and products of science following 

their participation in the ISC. Research which explored this 

hypothesis would be useful, given the emphasis of STS 

programs, such as the ISC, on understanding science as a 

process of thinking in a given social context, rather than as 

a body of facts (DeBoer, 1991). Thus, it may be found that 

by examining attitudes in systemic perspective, investigators 

can discern whether STS programs achieve their stated goals. 

Additionally, the changed integrative complexity after the 

ISC added credence to the hypothesis that students' attitudes 

toward science and its study may have been made more 

resistant to backsliding. Students' perceptions of their 

peers' attitudes toward science (AP) became less salient 

following the completion of the ISC, even though the contents 

of those attitudes did not change significantly. This meant 

that AP played less of a role in determining each student's 

own attitudes toward science. This was significant in light 

of the consistent finding in the analytic research that 

students who perceived that their peers have negative 

attitudes, were more likely themselves to also have more 

negative attitudes toward science (Koballa, Jr. & Crawley, 

1985; Pinchas & Gardner, 1990; Trout & Crawley, 1985). Thus, 
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what may have appeared to be only a minimal effect on the 

basis of the analytic data might actually have produced the 

effect intended by STS educators, when examined in systemic 

perspective. 

Third, general changes in the organization of students' 

attitudinal schemata following the ISC meant that they 

changed their interpretations of science-related stimuli. 

Attitude theory and research have suggested that it is the 

organization of attitudes into schemata which guides 

information processing about social experience (Taylor & 

Crocker, 1981). The data reported here revealed that 

students' schemata changed to reflect the interpretive 

dominance of personal involvement with science in their 

attitudinal schemata. Once again, this was consistent with 

what one would expect from participation in an STS program 

such as the ISC. The stated goal of such programs has been 

to encourage students to apply scientific thinking to their 

day-to-day experiences (NSTA, 1982). This was, in fact, what 

appeared to have happened. To the extent that attitudes 

became organized around one's own involvement with science, 

the dominance of this targeted interpretive framework became 

apparent. All this transpired despite the fact that when 

analyzed from an analytic perspective only, the contents of 

most of the student attitude factors changed very little. 

Together, the data reported in this investigation have 

suggested an approach to the study of science education which 
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was very different than what one would have logically 

concluded on the basis of the analytic data alone. From the 

systemic perspective, the data revealed several aspects of 

attitude change which were quite consistent with what one 

would expect to result from participation in an STS 

curriculum, yet, not at all apparent in the analytic data. 

Each of these issues raised a new hypothesis to be explored, 

and in turn, implications regarding the effectiveness of 

existing science education programs and the potential for the 

design of improved curricula. 

Classroom Learning Culture 

In this study, the classroom learning culture referred to 

the structure of the mix of cognitive, affective, and 

environmental factors related to the educational process in 

the ISC. The systemic analyses of these data revealed that 

students' perceptions of the structural relationships among 

these factors changed substantially after they participated 

in the ISC project. Every pre versus post ISC SSA map 

comparison exhibited substantial discordance. Further, the 

structure of the classroom culture at pretest time, then 

again within the post ISC analyses, did not appear to be 

related to student gender or achievements in science. 

Although the comparison of the cultural maps of students with 

positive attitudes versus those with negative attitudes did 
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not show substantial discordance in terms of the rank order 

of distances between the factors in these maps, there 

appeared to be important differences in clustering. Thus, 

participation in the ISC made a substantial difference in 

students' perceived classroom culture, and to some extent, 

this perceptual difference appeared to have been related to 

students' attitudes toward science. 

Structural differences between the pre versus post ISC 

data were found in three areas: First, the post ISC maps 

exhibited more tightly integrated overall clustering. This 

is what one would have expected from a curriculum based on 

authentic learning experiences. Since the ISC stressed 

engaging in the process of science as it exists in social 

context, participation in the project would require students 

to emphasize the linkages between their cognitive, affective, 

and environmental perceptions of science. This was what the 

data revealed. Second, the post ISC clustering patterns 

changed substantially. Prior to the project, environmental 

factors, attitudinal factors, and cognitive factors formed 

separate, weakly related, clusters on the map of students' 

cultural perceptions. Following the ISC these distinct 

clusters largely disappeared: Most environmental and 

attitudinal factors formed a single cluster; Students' sense 

of control split from the environmental cluster and joined 

students' perceptions of their self-efficacy. Again, this 

was indicative of the tendency for students to take a more 
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holistic view of their learning experiences, instead of 

separating lihat they learn, from hQN they learn it, and their 

evaluations of it. Third, the central, dominant, factors 

changed following the ISC. Prior to the project, the 

cultural system was dominated by students' cognitive, 

affective, and environmental perceptions of the learning 

task. Following the project, this task-related cluster 

dissipated and was replaced solely by students' propensity to 

be mindfully engaged in the project. This also appeared to 

have meant that students' focus prior to the project was 

placed strictly on the products of their learning. Following 

the project, their focus was dominated by the process of 

science in its cognitive, affective, and environmental 

aspects. Therefore, it appeared that the ISC curriculum 

resulted in comprehensible changes in students' perceptions 

of their classroom culture. Notably, curricular emphasis on 

collaborative, holistic, and authentic learning experiences 

seemed to have resulted in a learning culture in which 

students emphasized the relationships of several aspects of 

the scientific process, in contrast to one in which they 

equated science with a body of facts that exists outside any 

specific social context. 

Similar perceptions were evident when the SSA maps of 

students with positive versus negative attitudes were 

compared following the ISC. The most striking feature of 

this comparison was that students with negative attitudes 
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retained the task-related cluster of factors as the most 

dominant feature of their cultural perceptions, as they did 

prior to the start of the ISC project. In contrast, the 

cultural perceptions of the students with positive attitudes 

were dominated by the mindfulness factors. Thus, while 

perceptions of the task itself played a major role in the 

perceptions of students with negative attitudes, the 

perceptions of those with positive attitudes were dominated 

only by their mindful engagement; their attitudes clustered 

with their environmental perceptions, and this large cluster, 

along with a cluster of self-efficacy perceptions, played a 

less substantial role in the overall characterization 

students attached to their learning culture. It was clear 

that structural differences in these students' perceptions 

were evident in patterns congruent with participation in the 

ISC. 

Among the cognitive factors studied, little change was 

noted in students' perceptions of these factors following the 

ISC. In fact, the positioning of the self-efficacy factors 

on the SSA maps hardly moved at all. This indicated that the 

weight students attached to the perceptions of what they 

could accomplish in science related tasks did not 

differentially affect the ways they characterized their 

classroom learning culture during the pre versus post ISC 

phases of the project. The other set of cognitive factors, 

mindful engagement, did play a more central role following 
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the completion of the ISC. Although the mindfulness 

variables did cluster near the center of cultural SSA maps 

before the ISC, they became more tightly clustered together 

and located even more closely near the origin of the map 

following the project. This indicated that while mindfulness 

played a dominant role in students' characterizations of 

their learning culture throughout the study, its role was 

magnified after students participated in the ISC. Again, 

this finding tended to emphasize that participation in the 

ISC heightened students' awareness that their science 

learning stressed understanding science as a thinking 

process, rather than as the mastery of a body of facts. 

These findings suggested some interesting implications 

regarding the study and practice of science education. In 

terms of students' science achievements, it was evident that 

achievement was never well integrated into the learning 

culture at any point during the project. One would have to 

conclude from an examination of its location coordinates, in 

fact, that achievement scores were slightly less integrated 

into the learning culture following the completion of the 

ISC. Upon first glance, therefore, one might be tempted to 

speculate that the ISC had a negative impact on student's 

achievement. This would be unwarranted. 

The view that the ISC had a negative impact on students' 

science achievement would belie the data and reflect a purely 

analytic view of achievement. In terms of the analytic 
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achievement data, students' scores increased significantly 

after they completed the ISC project. Therefore, there is no 

basis to suggest that participation in the project lowered 

student achievement. Further, it should be noted that the 

achievement factor reflected students' performance scores on 

a science test (scored as the percentage correct). To the 

extent that the systemic analyses examined the structural 

relationships of the distances from one factor to all others 

as represented by the location of factors on an SSA map, 

closer integration of students' achievement scores with the 

other factors following the ISC would have meant that 

students' perceptions of their classroom culture were more 

influenced by their test scores. In contrast, STS programs 

such as the ISC were designed to emphasize the process of 

science in its cultural milieu, not its products. One would 

not expect to see the characterization of a classroom 

learning culture dominated by performance on a test under 

these circumstances. Instead, one would want to encourage a 

learning culture that was most strongly flavored by 

perceptions of the mix of cognitive, affective, and 

environmental conditions in which the process of science took 

place. This was exactly what was evident in these data. 

Too, the view that the ISC project had either a negative 

or negligible impact on achievement reflects a bias toward a 

traditional view of achievement, with emphasis placed on 

achievement contents and cause and effect relationships 
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between achievement and some independent variable. In 

contrast, the systemic view has emphasized the structural 

relationships among a set of factors, including factors 

traditionally studied as dependent variables, such as 

achievement. In this systemic view, it is the relationships 

among factors that are emphasized, not their contents. In 

this light, examining changes in achievement as higher or 

lower test scores would have missed the point. The point 

from the systemic perspective concerned the extent to which 

achievement scores were related to the other factors which 

comprise the learning culture, regardless of how high or how 

low those test scores might have been. 

The data implied a similar conclusion in regard to 

attitude change as a traditional dependent variable. It was 

clear that the pre versus post ISC attitude structures 

differed considerably, despite relatively minor changes in 

their contents. Further, these structural relationships 

appeared to have changed in patterns consistent with those 

one might expect to occur in an STS curriculum. This 

supported the claim that the examination of content changes 

alone would have resulted in an incomplete picture of the 

effects of changes in the science learning environment 

brought about by curriculum change. Thus, conclusions based 

on attitude content changes alone were not sufficient to 

warrant claims concerning the appropriateness and 

effectiveness of curricular interventions. Systemic changes 
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may be related to effects which either support, offset, 

mediate, or are unrelated to content effects, and therefore, 

also must be considered. 

In this research, the analysis of the ISC data served as 

an example of this systemic approach. The substantive result 

was that science achievement played a slightly less important 

role in the characterization of the learning culture 

following the completion of the project. Of greater 

significance, however, was that this systemic analysis 

implied that the structural relationships between a 

traditional dependent variable, such as achievement, and the 

other factors in a learning culture in and of themselves 

constituted substantive aspects of learning. In other words, 

learning can be characterized by the relations~ between its 

contents and the other factors in the classroom culture, when 

viewed from the systemic perspective. 

This systemic view of learning would shift educators' 

focus from the traditional emphasis on lihat students learned, 

toward huN students related what they learned to their, 

psychological, social, and cultural circumstances. For 

example, this view of learning when applied to science 

education would emphasize the ways in which students relate 

and apply what they learned about science to their day-to-day 

experiences. This does not imply that educators ought to 

abandon the emphasis on traditional content-based aspects of 

learning; Math students still need to learn their 
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multiplication tables. It does, however, imply that the 

traditional view tells only part of the story of what 

constitutes learning; Students need to learn to relate the 

contents of their studies to their lives in psychologically, 

socially, and culturally meaningful ways. It is only through 

the adoption of a systemic view of learning that the latter 

can be accomplished. 

On the basis of the data reported here, a case can be made 

that changes in the learning environment were related to 

changes in the structural relationships between the contents 

of learning and the learning culture. This is what happened 

following the completion of the ISC project. Of significance 

is the point that science educators and researchers have 

explored new learning environments, but have not previously 

examined how the traditional products of learning might be 

repositioned within these novel classroom environments. The 

analysis of the ISC data has implied that these structural 

changes ought to be examined so that curriculum designers 

might have a more complete picture of the changes they are 

affecting. To do otherwise would have meant that the 

assumption inherent in traditional research would have 

precluded the assessment of the extent to which novel science 

courses achieve their stated goals. 

Too, a case can be made that changes in the both the 

content and structural aspects of learning were related. 

Both the contents of students' science knowledge, and its 
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location in the map of the classroom culture changed 

following the completion of the ISC. As the systemic view 

posited, all aspects of a learning system are related, and 

therefore, change in one aspect of a system reverberates and 

is reflected in all of its other aspects. Thus, there is 

reason to believe that changes in the structure of a learning 

system are related, but not identical to, changes iu content, 

and vice versa. Hence, a significant implication of the 

systemic perspective is that both the content and structural 

aspects of a classroom culture must be explored before a 

satisfactory view of the effects of particular curriculum 

changes emerges. 

Limitations of this Research 

As is the case in any study, the extent of the conclusions 

reached in this research were constrained by its design. In 

particular, three factors served as boundaries on the 

interpretation of these findings. 

First, this study utilized a case study design. Because a 

control group did not exist, the effects reported in this 

study could not be attributable directly to changes induced 

in the classroom as a result of the ISC curriculum. Any 

number of plausible rival hypotheses also could have 

explained these analyses. While this limitation did 

constrain the number and type of conclusions that could have 
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been discussed, however, it in no way impacted the legitimacy 

of this research, or the extent to which it could accomplish 

its stated purpose. The purpose of this study has been to 

demonstrate a systemic approach to science education research 

in order to assess its utility as an adjunct to traditional 

analytic research. The purpose here has not been to test any 

particular theory or to assess the efficacy of the ISC 

curriculum itself. Therefore, comparison of interest has 

been between changes in the contents of students' 

perceptions, and changes in the structural relations in their 

perceptions. A control group was not needed to make this 

comparison, since any extraneous factors in the research 

setting were equally salient in the analyses of content 

changes and structural changes. Nevertheless, this 

discussion should not be misconstrued to suggest that the 

effects found here were solely products of the ISC 

curriculum. 

Second, the effects of the ISC curriculum on students' 

perceptions was confounded with the effects of their 

traditional science curriculum. Since class time was divided 

between the traditional study of science and participation in 

the ISC, during the course of this investigation, the effects 

on students perceptions could not be attributed uniquely to 

either program of study. Instead, these effects must have 

been considered to be products of the direct and interactive 

effects of both science study programs. Again, this 
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limitation precluded a test of the efficacy of the ISC 

curriculum. This, however, has not been the goal of this 

research. Since the comparison of interest in this study was 

between the insights offered from the analysis of the content 

data, versus those from the analysis of the structural data, 

the fact that curricular effects were confounded did not 

affect this comparison. The implication of the fact that 

these science programs were confounded meant only that the 

content and structural findings reported in this research 

were both products of the total curriculum, not that 

comparisons between them were invalidated. 

Third, the measures used to tap students' perceptions of 

the classroom environment, and their attitudes toward science 

were newly created for this investigation. Thus, readers 

might question their adequacy. Both, however, exhibited 

acceptable content validity, as assessed by factor analysis, 

and alpha reliability consistent with measures employed in 

published educational research reports. In fact, all 

instruments employed in this research met these standards of 

validity and reliability. All instruments also were 

developed to meet the standards of face validity as specified 

in the theory of these constructs, reported in the 

introduction section of this report. Therefore, while it 

cannot be claimed that these measures perfectly and 

completely assessed their intended constructs, any 

conclusions drawn about the theoretical dimensions of the 



constructs these measures did assess met all conventional 

tests of validity and reliability. 
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Together, these three limitation placed boundaries on the 

conclusions that could be drawn on the basis of these 

analyses. None of these limitations, however, placed 

constraints on conclusions regarding the comparisons between 

the insights offered from the content analyses alone, versus 

those from the additional systemic analyses. Since this has 

been the goal of this research, the methods used were 

acceptable. Therefore, the final section of this discussion 

summarizes the conclusions drawn on the basis of the 

comparisons between the analytic analysis of the data, and 

the systemic analysis of the data, and suggests areas of 

future research which might further develop these insights by 

transcending the limitations in this project. 

Adopting A Systemic Perspective 

The exploration of the ISC has been based on a set of 

systemic assumptions (Salomon, 1991) which have asserted that 

the elements in a learning culture are interdependent and 

define each other in a transactional manner. In this regard, 

learning is situated in a web of particular psychological, 

sociological, and cultural relationships which constitute the 

specific educational process itself. Science learning in the 

ISC seemed to be a good context in which to explore these 
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systemic assumptions, since the ISC was designed to foster 

student cognitive and affective change through the creation 

of a novel learning environment. The purpose of this 

research, therefore, was neither to test a particular theory 

of science education, nor to assess the efficacy of the ISC 

curriculum itself, but rather to demonstrate a systemic 

approach to the study of science education. Consistent with 

the primary goal of science educators, an argument was 

developed that a systemic research approach could be used to 

fruitfully explore how students' attitudes are situated 

within a system of structural relationships which constituted 

the culture of the ISC. The case was made that such a 

demonstration would raise issues which might foster the study 

and practice of science education. Therefore, it seemed 

fitting to conclude this discussion by highlighting the 

issues raised in this investigation, and their implications 

for the study and practice of science education. 

First, this investigation provided early empirical 

evidence that STS programs such as the ISC might, in fact, 

create novel learning environments for science students. 

Previous research has shown only that the contents of the 

factors in a STS learning environment change. In this study, 

there was substantial evidence that the structure of the 

systemic relationships in the post ISC learning environment 

changed considerably from the pre ISC environment. This 

raised a host of questions concerning the nature of these 
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systemic changes, among them: Are the changed patterns 

reported here similar to the systemic patterns in other STS 

programs? Are these patterns stable and predictable? How 

might these patterns be affected when situated in other 

social and cultural contexts? What set of factors might 

fully account for the major systemic relationships in a 

science learning environment? Clearly, answering these 

questions would have profound impacts on the design of future 

science education programs. 

Second, beyond raising new questions to explore, this 

investigation provided evidence that a new kind of answer to 

the questions which perplex science educators and researchers 

is in order. Previous investigations provided data regarding 

only the contents of the factors in a learning environment. 

This investigation provided data about the structural 

relationships among those factors. Importantly, these data 

demonstrated that questions about students' cognitive and 

affective changes within a learning environment cannot be 

adequately addressed absent knowledge of the structural 

relationships in the environment, and the changes they 

undergo. To the extent that students' attitudes and 

cognitions played varied and changing roles in a classroom 

environment, as was demonstrated here, it was logically 

impossible to conclude that the contents of one have some 

specific effect on the contents of another, separate from 

their structural relationships in the totality of a learning 
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culture. Thus, is it seemed that adequate knowledge of the 

structural relationships in a learning system is a necessary 

condition on any claim about learning or attitude change. In 

this light, it was apparent that the kinds of answers science 

educators and researchers seek to questions of learning must 

change to include systemic knowledge, if real advances in 

educational practices are to be made. 

Third, since attitude change has been a major goal of 

science educators (DeBoer, 1991; NSTA, 1982), this 

investigation provided evidence concerning the structural 

relationships among students attitudes in a learning culture. 

For the first time in this line of research, it was 

demonstrated that the structure of students' attitudinal 

systems changed in comprehensible ways. Based on these 

systemic properties of attitudes and attitude systems, 

several new hypotheses concerning attitude change in the 

science classroom were posited for future research, despite 

the fact that the analytic data gathered here generally 

supported the findings from the traditional research 

regarding the contents of students' attitudes toward science. 

Thus, these systemic data provided educators and researchers 

new avenues for the design and assessment of programs 

intended to foster positive attitude change in science 

students. 

Fourth, this investigation provided some early empirical 

evidence concerning the structural roles played by students' 
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cognitive, affective, and environmental perceptions in the 

classroom learning culture, and the changes which are 

affected when a new curriculum is introduced. Although any 

claims regarding the nature of the systemic patterns evident 

among these factors must be regarded as highly tentative, 

given the conceptual and methodological focus of this 

project, they did change in comprehensible ways. Notably, a 

post ISC environment characterized more by mindful engagement 

and strong relationships between students' attitudes and 

environmental perceptions, and less by their perceptions, 

evaluations, and achievements concerning the task itself, was 

entirely consistent with what one would expect in a classroom 

which stressed authentic, collaborative, holistic, and 

inquiry-based STS learning experiences, such as the ISC. 

These data, therefore, might provide a modest empirical 

beginning for future theorizing about the structures of 

science learning cultures. 

Fifth, this investigation provided new evidence concerning 

the link between science attitudes and science achievement. 

Past research has shown that these two key variables are 

weakly, but significantly, related. The analytic data 

gathered in this study supported this finding. However, the 

systemic data also showed that attitudes and achievements 

have complex and changing structural relationships. This 

supported general attitude theory which holds that attitudes 

and behaviors are related j.n myriad, reciprocal ways (Smith, 
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1982). More specifically, these data revealed that ISC 

students did not perceive much conceptual proximity between 

their accomplishments on a science test, and their 

evaluations of science. In other words, what students did in 

science was not governed by how they felt about it, as 

traditional science education research has posited. The ISC 

data suggested that a much Inore complicated link existed 

between attitudinal perceptions, cognitive perceptions, 

environmental perceptions and achievement. To the extent 

that combining systemic data about the structural 

relationships between factors with data about the analytic 

contents of the factors clarifies the attitude - achievement 

link, a modest empirical basis for further explication of the 

roles attitudes play in students' science achievements has 

been provided. Because the clarification of this linkage has 

been so highly prized by educators and researchers (DeBoer, 

1991), research such as this which combines content 

perception and structural perception data merits further 

consideration. 

Sixth, systemic findings about the structural 

relationships between traditional dependent variables, such 

as attitudes and achievements, and the ways they are situated 

in a learning culture raised, the issue of a systemic view of 

learning. This is significant in light of the stated goals 

of science educators. Many recent developments in science 

education are based on the notion that learning science 
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entails the ability to apply scientific thinking processes in 

one's daily experiences (DeBoer, 1991; NSTA, 1982). Yet, 

educators and researchers continue to measure learning in 

traditional, analytic ways, based on the contents of Nhat 

students know. This seems to miss the goal that educators 

have tried to achieve. Therefore, a systemic view of 

learning was proposed, which assesses the relationship 

between the contents of scientific learning and the 

cognitive, affective, and environmental influences in 

students' daily lives which affect that learning. This 

systemic view measures how learning and other experiences are 

related. This systemic view of learning not only seems to 

more closely approximate the stated goals of science 

educators, but also implies vast changes in the substantive 

and processual aspects of the classroom, and the methods 

researchers must adopt to assess learning adequately. 

Seventh, at a paradigmatic level, this investigation 

called into question two central tenets of the traditional, 

analytic research approach: These data showed that the 

ceteris paribus assumption inherent in analytic research was 

not empirically valid in this study. From the onset of the 

project, nothing remained constant. To the extent that 

students' perceptions of their classroom culture changed 

throughout the investigation, that is the very nature of the 

classroom itself changed, it could not be reasonably claimed 

that the contents of one factor held any specific 
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relationship to any other factor, absent statements 

concerning these changing structural conditions. Everything 

changed. These data also showed that the analytic practice 

of explaining changes in one factor in reference to changes 

in the variance of another might oversimplify these 

relationships. For example, to the extent that the 

structural relationships between factors changed, what was a 

specific attitude at the start of the investigation was not 

the same at the conclusion of the research. Its definition 

changed in relation to its changing transactions with other 

factors in the system. Thus, to explain changes in one 

factor, absent statements about its structural relationships 

with others, belies these findings which indicated that the 

perceptual definition of that factor changed in and of 

itself. In short, this investigation offered empirical 

evidence into what previously has been primarily a 

philosophical discussion. 

As a modest beginning to the development of systemic 

insights into science education, this investigation might 

serve as a basis for future research to make further advances 

in this area. Two general research lines have been suggested 

here. First, one set of studies might be designed to develop 

a theory and taxonomy of classroom learning cultures. To the 

extent that this research demonstrated that the classroom 

culture changed as a function of the curriculum and set of 

classroom activities, it would be useful to be able to 
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predict and explain the structural relationships which 

students perceive following the introduction of new 

educational programs. A second line of research could be 

developed which compared the situation of individual factors, 

such as attitude change, within a learning culture, on the 

basis of controlled experimentation. It would be practically 

useful to know the kinds of capabilities students' are likely 

to exhibit as a function of changes in the classroom culture. 

By developing knowledge in these areas, future systemic 

research may serve as a valuable adjunct to the advances in 

science education made through traditional research programs. 

In light of the discussion of the issues raised by the 

systemic investigation of the ISC, it seems clear that the 

adoption of the systemic perspective offers several insights 

into the study and practice of science education which were 

not readily apparent from within the analytic perspective. 

None of this, however, should be misconstrued to suggest that 

one approach ought to replace the other. In fact, quite the 

opposite is true. At the core of the systemic perspective 

lies the assumption that all parts of a system are mutually 

related. This would include both the content and structural 

aspects of a classroom system, as well as the analytic and. 

systemic levels of analysis in a research system. The 

overarching conclusion of this research must therefore be 

that both approaches must coexist, because each offers unique 

insights into the educational process. Neither one alone is 

• 



237 

sufficient to capture the richness of the learnilig process 

which occurs in a particular classroom culture. Yet, both 

are necessary to the development of more robust educational 

theories and practices. 
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APPENDIX A: 

PERCEIVED ENVIRONMENT QUESTIONNAIRE 

1. Grading in this class is fair and equitable. 

1 � __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

2. The teacher of this class encourages us to seek his or 
her help. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 

3. Students in this class help each other a lot with things 
related to classwork. 

1 1 __________________________ ~I--~~- ~------
Strongly agree Strongly disagree 

4. Most of the students in this class appreciate learning. 

1 1 __________________________ ~I I I 
Strongly agree Strongly disagree 

5. I, like others in this class, can influence the way 
things are done here. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

6. Learning in this class is very interesting. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 

7. The teacher directs all of the learning in this class. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 

8. Students in this class are treated fairly and justly. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 



9. If I needed help in this class I would have some 
difficulty in getting it from anyone I'd approach. 
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1 � __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

10. I look forward to seeing the other students in this class 
every day. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

11. The students in this class have no say about the 
classroom rules and regulations. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

12. The things we do in this class are intellectually 
demanding. 

I , __________________________ ~, '. ______ _ 
Strongly agree Strongly disagree 

13. We are not really proud to be members of this class. 

, 1------- ___________________ ~, ,~ ____ _ 
Strongly agree Strongly disagree 

14. We receive quite a bit of help from the teacher whenever 
we need it. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

15. There are distinct groups and cliques in this class which 
play an unpleasant role in its social and academic life. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

16. I do not have a lot of choice and freedom in this class. 

1 1 __________________________ ~, '. ______ _ 
Strongly agree Strongly disagree 
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17. Students in this class are deeply involved in the 
International Science Project and are willing to do extra 
work. 

1 � __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

18. The International Science Project we do here does not 
really have much value outside school. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

19. If I had a personal problem I'd feel comfortable to turn 
to this teacher for help. 

1 1 ______ _ 
Strongly agree 

____ ~~I 1,-------
Strongly disagree 

20. Students in this class often compete with each other in 
their work. 

1 1 ____________________ _ 

Strongly agree ----~S~trongly di~s-a-g--r-e-e-
1 1 

21. The rules and requirements for doing the project are 
clear and can be easily followed. 

1 1 ____________________ __ 

Strongly agree 
____ ~~I 1,-------

Strongly disagree 

22. Getting good grades is more important to me and my peers 
in this class than doing well in the International 
Science Project. 

1 1 __________________________ ~I 1, ______ _ 
Strongly agree Strongly disagree 

23. Different ways of doing things are respected in this 
class. 

1 1 ____ ~~I 1,-------
Strongly disagree Strongly agree 

24. In general, the students in this class have good and 
friendly relations. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 



241 

25. Most students here would rather get this class over with 
than do serious work on the project. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

26. In this class, there is too much nonsense going on 
instead of serious study. 

, ,------- ------- ------- -----~, '.------Strongly agree Str"ongly disagree 

27. The teacher expects me to do well in this class. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

28. Much attention is given in this class to each and every 
student. 

, ,------- ------- ------- -----~, '.------Strongly agree Strongly disagree 

29. The teacher has high expectations for this class. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

30. My fellow students in this class want me to do well. 

, ,------- ------- -------
Strongly agree ----~~, '.------Strongly disagree 
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APPENDIX B: 

ATTITUDES TOWARD SCIENCE SCALES 

1. Scientists are unpleasant people. 

1 1 1 1 
Strongly agree Strongly disagree 

2. I enjoy the ISC project. 

1 1 1 1 
Strongly agree Strongly disagree 

3. Science classes are a lot of hard work. 

1 � __________________________ ~I 1, ______ _ 
Strongly agree Strongly disagree 

4. Science is indispensable to society. 

1 __________________________ ~I 1, ______ _ 
Strongly agree Strongly disagree 

5. My friends try to take as much science as they can. 

1 1 __________________________ ~I I,~~~~ 
Strongly agree Strongly disagree 

6. There are many job opportunities for scientists. 

1 1 __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 

7. I watch shows about science on TV or read about science 
in my spare time. 

1 1 __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 

8. Science careers are more for males than females. 

1 1 ____________________ _ 

Strongly agree 
____ ~~I 1,-------

Strongly disagree 

9. Generally, society places too much emphasis on science. 

1 1 ____________________ _ 

Strongly agree ----~S~t rong 1 y dl"-s-a-g-r-e-e-
1 1 
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10. Science has very little positive impact on social 
problems. 

1 � __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

11. I think that most scientists are intelligent people. 

1 1 ____________ __ 
Strongly agree 

------- _----~I I~ ____ _ 
Strongly disagree 

12. Most scientists are intelligent people. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

13. Science is unpleasant. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

14. If I were a legislator, I would allocate more money for 
science. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

15. I would like to interact with professional scientists. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

16. I would take more science courses in school if they were 
available. 

Strongly -a-g-r-e-e--
1 1 ----~~I I~ ____ _ 

Strongly disagree 

17. I expect to get a high grade in my science course. 

1 1 ____________________ _ 

Strongly agree 
----~~I I~ ____ _ 

Strongly disagree 

18. Compared to most people my age, I know quite a bit about 
science. 

1 1 __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 
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19. Scientists are out of touch with the real world. 

1 � __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 

20. I'd like to do science as a hobby. 

1 1 __________________________ ~I 1, ______ _ 
Strongly agree Strongly disagree 

21. What I learn in science class i,s 'not important to my life 
outside of school. 

1 1 ____________________________ ~~I 1, ______ __ 
Strongly agree Strongly disagree 

22. Television shows, books, and magazines about science, or 
scientific issues are generally boring. 

1 1 ____________ __ 

Strongly agree 
1 1, __ _ 

Strongly disagree 

23. I would enjoy a career in science. 

1 1 __________________________ ~I 1, ______ _ 
Strongly agree Strongly disagree 

24. I enjoy taking science classes in school. 

1 1 ____________________________ I 1, ______ _ 
Strongly agree Strongly disagree 

25. Science is more a unique way of looking at the world than 
it is a body of facts. 

1 1 __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 

26. Science classes are intellectually challenging. 

1 1 __ _ 

Strongly agree 
_______ _______ ____ ~~I 1,-------

Strongly disagree 

27. Many students I know are considering careers in science. 

1 1 __________________________ ---:_1 1,..---____ _ 
Strongly agree Strongly disagree 
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28. I love TV programs about science, such as NOVA. 

, ,------- -------
Strongly agree ------- -----~, '.-------Strongly disagree 

29. I would consider a career in science. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

30. Science is a source of problems in the world today. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

31. Many of my friends think science is dull. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

32. Science is more a way of life than it is just a job 
people do. 

, ,------- ------- ------- -----~, , , 
Strongly agree Strongly disagree 

33. I usually do well in science courses. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

34. Science helps make the world a better place to live. 

, ,------- ------- ------- -----~, ,~-----Strongly agree Strongly disagree 

35. I would participate in extracurricular science activites 
if they were available to me. 

, ,------- ------- ------- -----~, '.-------Strongly agree Strongly disagree 

36. Science careers are exciting. 

, ,------- ------- -------Strongly agree ----~~, '.-------Strongly disagree 
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37. Studying science will help me advance my career. 

1 � __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 
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APPENDIX C: 

SCIENCE ACHIEVEMENT TEST 

1. The graph below shows the amount of oil consumed by the 
United States each year from 1850 to 1980. For example, 
nearly 50 barrels of oil were "consumed" by each person 
in the USA in 1950. 

6 

5 

4 
Barrels 
of Oil 

3 

2 

1 

1850 1890 1910 1930 1950 1970 

Year 

Examine the graph. Oil consumption has increased about 
times during the 130 years from 1850 to 1980. ------

(a) 2 
(b) 6 
(c) 60 
(d) 200 
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2. Suppose you were a U.S. Senator and you were considering 
whether to vote~ or against a bill that would allow 
the U.S. federal government to levy a tax on imported 
steel (iron). Which one of the following items would you 
least have to consider in making your decision? 

(a) the relative chemical activity of iron 
compared to the activities of other 
metals 

(b) the known available supply of iron ore in 
the United States 

(c) the ability of the U.S. coal industry to 
supply carbon (coke) for reducing the ore 

(d) the period of time that it"would take the 
U.S. steel industry to adapt to more 
efficient means of extracting iron from 
available iron ore resources 

3. The number of rabbits in an area is directly proportional 
to the number of foxes in that area. If you have an 
overpopulation of foxes, more rabbits will be eaten and 
population decreases. As the rabbit population 
decreases, what will happen to the fox population? 

(a) decrease 
(b) increase 
(c) stay the same 
(d) not enough information is given to make 

an intelligent hypothesis 
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4. There is a" mandatory" seat belt proposition in the 
upcoming Arizona election. Which of the following pieces 
of information would be most supportive of that argument? 

(a) In a comparison of the rate of traffic 
fatalities in 3 Arizona cities that 
adopted the law to 6 cities that didn't, 
the rate went down in the "seat belt" 
cities. 

(b) In the 8 months since the law was enacted 
in Show Low, AZ, traffic deaths went 
down a lot in that town. 

(c) The law has been enforced on the west 
side of Phoenix but not the east side. 
Traffic deaths were lower on the west 
side. 

(d) The death toll in one "seat belt" city 
was lower than in another "no seat belt" 
one. 

5. In a national survey of High School achievement in 
science, it was found that the South East states achieve, 
on the average, higher scores than the North West states: 
The school districts in the North West are usually 
smaller. Also, students in the North West are bussed to 
school over longer distances than in the more densely 
populated South East. Which of the following statements 
is proven by these data? 

(a) There is something in long distance 
bussing that makes the students achieve 
less. 

(b) Schools in South Eastern states are 
generally better. 

(c) Students in North Western states are, on 
the average, of lesser ability. 

(d) none of the above 
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6. The graph below shows the rate of growth of a hexagonal 
crystal. What is its height in meters after 7.6 days of 
growth? 

O. 1: 

Height 
in 
Meters O. 

O. 

J 

., / 
O. 

O. 

.., / 
./ 

V 
-, 
~ 

~ 
V ~ 

0 2 4 6 8 10 

Time in Days 

(a) 2.5m 
(b) 0.250m 
( c) 0.02m 
( d) 0.25m 
(e) 0.024m 

7. Which of the following statements is evidence that 
supports the following conclusion: Certain types of 
cholesterol lead to heart disease because plaque clogs 
arteries. 

(a) Obese people have higher rates of Heart 
Disease than thin people. 

(b) People who eat animal fat have a higher 
cholesterol level in their blood. 

(c) People who eat food with a certain type 
of cholesterol have more arterial plaque 
than people who do not. 

(d) People who exercise don't develop as much 
plaque. 
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8. This table indicates the percentage of total calories 
obtainable from two common foods, American cheese and 
peanut butter. The calories come from the protein, 
carbohydrate, and fat in these two foods. 

American 
Cheese 

Peanut 
Butter 

Percent of Total Calories 

From Protein From Car9~o~h_y~d~r_a~t~e~ __ ~F~r~o~m~F~a~t~ ____ 

24.0 1.7 75.0 

15.0 13.0 71.0 

Which of the following is the most accurate statement about 
these two foods? 

(a) Gram for gram, peanut butter supplies 
more calories from carbohydrates than 
does cheese. 

(b) Neither supply a high percentage of 
calories from fats. 

(c) Peanut butter supplies more calories 
from carbohydrates than from fat. 

(d) American cheese supplies 10 times more 
calories from its fat content than does 
peanut butter. 

The following two statements concern a proposed nuclear power 
plant. Statement '1 was made by a representative of a power 
company wanting to build the plant. Statement 2 was made by 
a world famous nuclear physicist. After reading these 
statements, please answer questions 9, 10, and 11. 

Statement 1: 

"Our company is very eager to build a new nuclear 
power plant. Our studies have shown that the need 
for electrical power in the county will increase by 
28% in the next 10 years. Our present plant will 
be able to supply no more than 7% of that need. 
The people of this area will continue to use more 
and more electrical power over the next 30 years, 
and nuclear power is the best source available to 
them." 
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Statement 2: 

"Nuclear power is a very dangerous resource. The 
world has already experienced the terrible 
destruction that can come from nuclear bombs. The 
electrical power that people in this county need 
can be provided by means that are both safer and 
less expensive than nuclear power." 

9. Statement 1 above contains which one of the following? 

(a) only factual information 
(b) only statements of opinion 
(c) both factual information and statements 

of opinion 
(d) only company propaganda about nuclear 

power 

10. Since Statement 2 is made by a scientist, which one of 
the following can be concluded from it? 

(a) The statement contains factual 
information only. 

(b) The opinions given are ones with which we" 
should agree. 

(c) The scientist will probably have some of 
the same kinds of biases a non-scientist 
might have. 

(d) The scientist's opinions are based solely 
on his or her scientific information. 

11. Comparing Statement 1 with Statement 2, we can accept 
that: 

(a) Since 1 is made by a representative of 
business, it probably contains false 
information. 

(b) Since 1 is made by a representative of 
business, it probably contains the best 
economic advice for the county. 

(c) Since 2 is made by a scientist, it 
probably is the one we should act on. 

(d) Since views expressed in both are 
different, we should seek and weigh 
additional opinions on the questions. 
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12. The following is a TV advertisement: 

"Doctors were asked: If you were stranded on a desert 
island, which pain reliever would you prefer to have with 
you? 

The answers were: 

Pain Reliver Doctor's Response 
Advil 60% 
Extra-Strenqth Tylenol 20% 
Aspirin 10% 
Tylenol 10% 

This advertisement is not likely to convince 
you because: 

(a) Maybe these doctors have never used all 
these pain killers themselves. 

(b) There was no control group. 
(c) You don't really know how many years of 

experience the doctors have had. 
(d) You don't know how many doctors were 

surveyed and how they were chosen. 

You, the scientist, won't you help the world? 

The world is in trouble and you are called to help. The 
trouble is the following: for a whole year now there is a 
mysterious illness that spreads around in a number of 
countries. This illness kills young and old and spreads very 
fast. The illness is transmitted by a germ called Bagus 
Germinius. However, nobody knows how the germ spreads. That 
is, what "agent" transmits the germ from one individual to 
another (an "agent" could be touch, wind, blood transfusion, 
water, food, animals, climate, or whatever) . 

Now the world Health Organization has turned to you for help. 
Your mission (and we hope you accept it) is to examine the 
scientific information and to determine how the germ spreads 
from one person to another. Since six countries are 
involved, the "agent" that spreads the germ may not be the 
same in all countries. 

Use all the information in the Scientific Report provided 
below. It might be helpful to you to organize the 
information in some table or graph. 
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The Scientific Report 

Written by Doctor M. B. McVirus 

I have examined the way the germ, Bagus Germinius, Travels 
around in the different countries where it infects people. 
Unfortunately, I could not find its agent or agents. 

Nigeria (a hot and rainy country in Africa). Germ affects 
people who live around a lake. Germ does not seem to affect 
people who live down-wind from the lake. Eating from the 
same dish does not spread the germ. 

Zambia (another hot and rainy African country). The germ 
does not spread to children in the same school but it affects 
people who live down river from the village where many people 
have the illness. 

Norway (a country with a cold climate in the North of 
Europe). ~eople who live down-stream of the same river do 
not become infected; only people who live up-stream get it. 
There are strong winds in the winter and these winds usually 
move from the ocean inland. 

Sweden (another country with a cold climate in the North of 
Europe). The illness spreads there right after strong winter 
storms. There is no other pattern of germ movement there. 

Sudan (an African desert country). The disease is widespread 
here. The germ spreads in "pockets", always around the 
village well. People who travel from one place to another do 
not infect the others at all. 

Canada (our Northern neighbor with its cold winter climate) . 
It has many lakes but there was no spread of the germ around 
them. The illness spreads in large open, flat and windy 
areas. The illness appears to cover whole regions of the 
Canadian flat lands. 

Sincerely, 

M. B. McVirus 
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In the space below, try to find the agent or agents that 
spread the germ. It might be helpful to you to organize the 
information in some table or graph. 



APPENDIX D: 

PERCEIVED SELF-EFFICACY SCALES 

Answer each question by circling the number that best 
reflects your answer. Use the following scale: 

1. I could not do it. 
2. I could do it with difficulty if I had help. 
3. I could do it easily if I had help. 
4 . I could do it with difficulty on my own. 
5. I could do it easily on my own. 
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1. To what extent could you identify social or scientific 
problems involved in the preservation of the environment? 

1 . . . . • . 2 . . . . . . 3 . • . . 4 . . . . . 5 

2. To what extent could you analyze research findings in a 
journal article to support a certain hypothesis? 

1 ...... 2 ...... 3 ...... 4. . . 5 

3. To what extent could you summarize a research article? 

1 .•.•.. 2 ...... 3 •..... 4 ..... 5 

4. To what extent could you critique somebody's experiment 
designed to study the effects on the environment from 
automobile usage? 

1 . . . . . .2. . . . . .3. . . . . .4. . . . . 5 

5. To what extent could you contact a city representative to 
find out the local regulations on water usage? 

1 ....•. 2 ...... 3 ...... 4 . 5 

6. To what extent could you use the University library to 
find information about ozone depletion? 

1 . . . . . . 2 . . . . . . 3 . .4. . . . . 5 

7. To what extent could you design a study to investigate 
the way new housing developments affect the environment? 

1 . .2 ••.... 3 ...... 4 ..... 5 
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8. To what extent could you use a word processor to write a 
report? 

1 . . . . . .2. . . . . .3. . . . . .4. . . • 5 

9. To what extent could you construct a new database on a 
computer? 

1 • . . . . • 2 • . . • . . 3 • • . • 4 • . 5 

10. To what extent could you learn to use a new drawing 
program on a computer? 

1 . . . • . . 2 • • . . • • 3 • . 4 • .. 5 

11. To what extent could you design an experiment to study 
how C02 affects plant growth? , 

I 
1 . • • 2 • • • 3 • • • 4 • • . . 5 

12. To what extent could you use a computer network to freely 
communicate with others? 

1 . . . . . .2. . • 3 • • • • • • 4 • • • • • 5 
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APPENDIX E: 

MINDFULNESS SCALES 

1. I prefer complex rather than simple problems. 

1 � __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

2. I like to do things, but I don't like to think about how 
I did it. 

1 1 __________________________ ~I 1, ______ _ 
Strongly agree Strongly disagree 

3. I like assignments that require a lot of independent 
thinking. 

1 1 __________________________ ~I 1, ______ _ 
Strongly agree Strongly disagree 

4. Many times I don't think before I do things. 

1 1 __________________________ ~I 1 I· 
Strongly agree Strongly disagree 

5. Even when I do routine things, I think a lot about how I 
do them. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

6. When I am given a really tough task, I try to get it over 
with quickly. 

1 1 __________________________ ~I--~~- ~------
Strongly agree Strongly disagree 

7. I would rather do something that makes me think hard than 
something that requires little thought. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 

8. I like to think a lot about world problems that involve 
scientific or social issues. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 
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9. I take a long time to make up my mind about something. 

1 � __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

10. I only think as hard as I have to. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

11. I prefer to think about small, daily projects rather than 
long-term ones. 

1 1 __________________________ ~I 1, ______ _ 
Strongly agree Strongly disagree 

12. I do things quickly, although they are not always right. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

13. I like to do tasks that I have learned well because they 
don't require much thinking. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

14. I really enjoy a task that involves corning up with new 
solutions to old problems. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

15. Learning new ways of doing old things is exciting. 

1 1 ____________________ _ 

Strongly agree 
____ ~I 1.------

Strongly disagree 

16. Thinking is not my idea of fun. 

1 1 ____________________ _ 

Strongly agree 
----~~I I~ ____ _ 

Strongly disagree 

17. I prefer my life to be filled with challenges I must 
meet. 

1 1 __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 
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18. Once I finish an assignment, I move on; I rarely go back 
and look over it again. 

1 � __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 

19. I would prefer a task that is intellectual, difficult, 
and important than one that is equally important, but 
does not require much thought. 

1 1 __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 

20. I don't like to play games that require a lot of thinking 
about making choices. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 

21. I feel relief rather than satisfaction after completing a 
task that requires a lot of mental effort. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 

22. It's enough for me that a job gets done; I don't care how 
or why it works. 

1 1 __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 

23. I end up thinking about issues even when they do not 
affect me personally. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 

24. Instead of planning ahead, I invent on the spot while 
actually doing things. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 

25. I find myself inventing all kinds of excuses to put off 
mentally demanding tasks. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 
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26. I like to carefully plan things ahead of time, thinking 
of the many possibilities that might happen. 

1 � __________________________ ~I I~ ____ _ 
Strongly agree Strongly disagree 

27. I dislike questionnaires like this that make me think. 

1 1 __________________________ ~I 1.-____ _ 
Strongly agree Strongly disagree 

28. I am tempted to put more thought in a task than the job 
requires for its completion. 

1 1 __________________________ ~I 1. ______ _ 
Strongly agree Strongly disagree 
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